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PREFACE. 



The present Edition of this Work, like the two 
preceding, has been compiled for the as# o/ the ca- 
dets of the U. S. Military Academy, and comprises 
that part of the Course of Civil Engineering taught 
them which the Author deemed would prove the most 
useful to- pupils in other seminaries, studying for the 
profession of the civil engineer. 

In preparing this Edition, the Author has found it 
necessary to recast and rewrite the greater portion 
of the work; owing to the considerable additions 
made to it, and called for by the vast accumulation 
of important facts since the publication of the former 
editions. A new form has also been given to the 
work, in the Substitution of wood-cuts in the body 
of it for the plates in the former editions, as better 
adapted to its main object as a text-book. From 
these additions and changes, the Author trusts that 
the work will be found to contain all of the essential 



\ 



1¥ 



PRSFACE. 



principles ^nd fsicts respecting those branches öf the 
subject of which it treaty ; and tbat it will prove a 
serviceable aid to instruqtors an^ piupils, iii.opening 
the way to a more . extensive prosecution of the 
studies connected with the engineer^s art. 
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CIVIL ENGINEERING. 



BUILDING MATERIALS. 

1. A KNOWLEDGE of the properties of building materials is one 
of the most important branches of Civil Engineering. An en- 
gineer, to be enabled to make a judicious selection of materials, 
and to apply them so that the ends of sonnd economy and skilful 
w(vkmansmp shall be equally subserved, must know their or- 
dinary durability under the various circumstances in which they 
are employed, and the means of increasing it when desirable ; 
their capacity to sustain, without injury to their physical quali- 
ties, pennanent strains, whether exerted to crush tnem, tear them 
asunder, or to break them transversely ; their resistance to rup- 
ture and wear, from percussion and attrition ; and, finally, the 
time and expense necessary to convert them to the uses for which 
they may be required. 

2. The materials in general use for civil constnictions may be 
arranged under the three followinff heads : 

Ist. Those which constitute the more soUd components of 
structures, as Stone, Bricht Wood, and the Metals. 

2d. The cements in ceneral, as Mortar, Mastics, Glue, &c., 
which are used to unite the more solid parts. 

3d. The various mixtures and chemical preparations, as Solu- 
tions of Salts, Paints, Bituminous Substances, &c., employed 
to coat the more solid parts, and protect them from the chemical 
and mechanical action of atmospheric changes, and other causes 
of destructibiUty. 

STONE. 

3. The term Stone, or Rock, is applied to any aggregation of 
soveral mineral substances. Stones, for the convenience of de- 
scription, may be arranged under three general heads — ^the süü 
ciouSf the argülaceous, and the calcarecus, 
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2 BUILDING MATERIALS. 

4. SiLicious Stones. The stones arranged under this head 
receive their appellation &om silex, the principal.constituent of the 
minerals which compose them. They are also frequenüy desig- 
nated, either accorduig to the mineral found most abundantly in 
them, or from the appearance of the stone, as feldspathiCy quart- 
zosCj arenaceous, See. 

5. The silicious stones generally do not effervesce with acids, 
and emit sparks when Struck witli a steel. They possess, in a 
high desree, the properties of strength, hardness, and durability ; 
and, although presenting great diversity in the degree of these 
properties, as well as in their structure, they fumish an extensive 
vanety of the best stone for the various purposes of the engineer 
and architect. 

6. Sienitey Porphyry^ and GreenstonCy from the abundance 
of feldspar which they contain, are often designated as feldspathic 
rocks. For durability, strength, and hardness, they may be placed 
in the first rank of silicious stones. 

7. Sienite consists of a granulär agsregation of feldspar, hom- 
blende, and quartz. It fumishes one of the most valuable building 
stones, particularly for structures which require great strength, 
or are exposed to any very ^ctive causes of destructibilit}^ as 
sea walls, lighthouses, and fortifications. Sienite occurs in exten- 
sive beds, and may be obtained, from the localities where it is 
quarried, in blocks of any requisite size. It does not yield easily 
to the chisel, owing to its great hardness, and when coarse- 
grained it cannot be wrought to a smooth surface. Like all 
stones in which feldtpar is foimd, the durability of sienite de- 
pends essentially upon the composition of this mineral, which, 
owing to the potash it contains, sometimes decomposes very rap- 
idly when exposed to the weather. The durability of feldspathic 
rocks, however, is very variable, even where their composition is 
the same ; no pains should therefore be spared to ascertain this 
property in stone taken from new quarries, before using it for 
important pubhc works. 

8. Porphyry, This stone is usually composed of compact feld- 
spar, having crystals of the same, and sometimes those of othei 
minerals, scattered through the mass. Porph3rry fumishes stones 
of various colors and texture ; the usual color being reddigh, ap 
proaching to purple, from which the stone takes its name. Ont 
of the most beautiful varieties is a brecciated porphyry, consist 
ing of angular fragments of the stone united by a cement of com 
pact feldspar. Porphyry, from its rareness and extreme hardness 
IS seldom applied to any other than omamental purposes. Th( 
best known locaUties oi sienite and porphyry are m tlie neighbor 
hood of Boston. 

9. Green-stone, This stone is a mixture of homblende witl 
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common and compact feldspar, presenting sometimes a granulär, 
though usually a compact texture. Its ordinary cdior, when dry, 
is some shade of brown ; but, when wet, it becomes greenish, 
from which it takes its name. Green-stone is very hard, and 
one of the most dnrable rocks ; but, occmring in small and 
irregulär blocks, its uses as a building stone are very restricted. 
When walls of this stone are built with very white mortar, they 
present a picturesque appearance, and it is on that account well 
adapted to rural architecture. Green-stone might also be used 
as a material for road-making ; large quantities of it are annually 
taken from the principal locality of this rock in the United States, 
so well known as the Palisades, on the Hudson, for constnict^ 
ing wharves, as it is found to withstand well the action of salt 
water. 

10. Granite and Gneiss. The constituents of these two stones 
are the same ; being a granulär aggregation of quartz, feldspar, 
and mica, in variable proportions. They difFer only in their 
structure ; gneiss being a stratified rock, the ingredients of 
which occur frequently in a more or less laminated State. Gneiss, 
although less valuable than granite, owing to the effect of its 
structure on the size of the blocks which it yields, and from its 
not Splitting as smoothly as graniii across its beds of stratifica- 
tion, fumishes a buildmg stone suitable for most architectural 
purposes. It is also a good flagging material, when it can be ob- 
tained in tliin slabs. 

Granite varies greatly in quality, according to its texture and 
the relative proportions of its constituents. When the quartz is 
in excess, it renders the stone hard and brittle, and very difficult 
to be worked vrith the chisel. An excess of mica usually makes 
the stone friable. An excess of feldspar gives the stone a white 
hue, and makes it freer under the chisel. The best granites are 
those with a fine grain, in which the constituents seem uniformly 
disseminated through the mass. The colorof granite is usually 
some shade of gray ; when it varies from this, it is owing to the 
color of the feldspar. One of its varieties, known as Oriental 
granite, has a fine reddish hue, and is chiefly used for ornamental 
purposes. Granite is sometimes mistaken for sienite, when it 
contains but little mica. 

The quality of granite is aifected by the foreign minerals which 
it may contam ; homblende is said to render it tough, and schorl 
makes it quite brittle. The protoxide and sulphurets of iron are 
the most injurious in their effects on granite ; the former by con- 
version into a peroxide, and the latter by decomposing, destroying 
the structure of the stone, and causing it to break up and disin- 
tegrate. 

Granite, gneiss, and sienite, düfer so little in their essential 
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qualities, as a building material, that tliey may be used indiffer- 
endy for all structures of a solid and durable character. They 
are extensively quarried in most of the New England States, in 
New York, and in some of the other States intersected by the 
great ränge of primitive rocks, where the quarries lie contiguous 
to tide-water. 

11. Mica Slate. The constituents of this stone are quartz and 
mica ; the latter predominating. It is principally used as a ßag* 
ging stone, and as a^re stone, or lining for fumaces. 

12. Buhr, or MilUstone, This is a very hard, durable stone, 

Eresenting a peculiar, honeycomb appearance. It makes a good 
uilding material for common puiposes, and is also suitable for 
road coverings. 

13. Hom-stone, This is a highly silicious and very hard 
stone. It resembles flint in its structure, and takes its name 
from its translucent, hom-like appearance. It fumishes a very 
good road material. 

14. Steatite, or Soap-stone, This stone is a partially indura- 
ted talc. It is a very soft stone, and not suitable for ordinary 
building purposes. It fumishes a good fire-stone, and is used 
for the lining of fireplaces. 

15. Talcose Slate. This stDne resembles mica slate, beingan 
aggregation of quartz and talc. It is applied to the same pur- 
poses as mica slate. 

16. Sand-stone. This stone consists of grains of siUcious 
sand, arising from the disintegration of siUcious rocks, which are 
united by some natural cement, generally of an argillaceous or a 
silicious character. 

The streng^h, hardness, and durability of sand-stone vary be- 
tween very wide limits. Some varieties being little inferior to 
good granite, as a building stone, others being very soft, friable, 
and disintegrating rapidly when exposed to the weather. The 
least dmrable sand-stones are those which contain the most argil- 
laceous matter ; those of a feldspathic character are also found 
not to withstand well the action of weather. 

Sand-stone is used very extensively as a building stone, for 
flagging, for road materials, and some of its varieties fumish an 
excellent fire-stone. Most of the varieties of sand-stone yield 
readily under the chisel and saw, and split evenly, and, from 
these properties, have received from workmen the name of free 
stone, The colors of sand-stone present also a variety of shades, 
principally of gray, brown, and red. 

The formations of sand-stone in the United States are very 
extensive, and a number of quarries are worked in New England, 
New York, and the Middle States. These formations, and the 
character of the stone obtained from them, are minutely described 
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in the Geological Reports ofthese States y which have been pub- 
lished within the last few years. 

Most of the stone used lor the public buildings in Washington, 
is a sand-stone ohtained &om quarries^on Acquia Creek and the 
Rappahannock. Much of this stone is feldspathic, possesses but 
little strength, and disintegrates rapidly. The rea sand-stones 
which are used in our large cities, are either from quarries in a 
formation extending from the Hudson to North Carolina, or from 
a separate deposite in the Valley of the Connecticut. The most 
durable and hard portions of these formations occur in the neigh- 
borhood of trap dikes. The fine flagging-stone used in our cities 
is mostly obtained, either from the Connecticut quarries, or from 
others near the Hudson, in the Catskill group of mountains. 
Many quarries, which yield an excellent building stone, are 
worked in the extensive lormations along the Appalachian ränge, 
which extends through the interior, through New York and Vir- 
ginia, and the intermediate States. 

17. Argillaceous Stones. The stones arranged under this 
head are mostly composed of clay, in a more or less indurated 
State, and presenting a laminated structure. They vary greatly 
in strength, and are generally not durable, decomposing in some 
cases very rapidly, from changes in the metallic sulphurets and 
salts found in most of them. The uses of this class of stones 
are r^stricted to roofing and flagging. 

18. Roofing State, This weU-known stone is obtained from 
a hard, indurated clay, the surfaces of the lamina having a natu- 
ral polish. The best kinds spUt into thin, uniform, light slabs ; 
are free from sulphurets of iron ; give a clear rinring sound when 
Struck ; and absorb but little water. Much of the roofing slate 
quarried in the United States is of a very inferior quality, and 
becomes rotten, or decomposes, after a few years' exposure. The 
durability of the best European slate is about one hundred years ; 
and it is stated that the material obtained from some of the quar- 
ries worked in the United States, is not apparently inferior to the 
best foreign slate brought into our markets. Several quarries of 
roofing slate are worked in the New England States, New York, 
and Pennsylvania. 

19. Graywacke Slate, The composition of this stone is 
mostly indurated clay. It has a more earlhy appearance than 
arffillaceous slate, and is generally distinctly arenaceous. Its - 
colors are usually dark gray, or red. It is quarried principally 
for flagging-stone. 

20. Hornblende Slate, This stone, known also as green-stone 
slate, properly belongs to the silicious class. It consists mostly 
of homblende having a laminated structure. It is chiefly quarried 
for flagging-stone. 
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6 BUILDING MATERIALS. 

21. Calcareoub Stoneb. Lime is the jmncipal constituent 
of this class, the carbonates of which, known as limestane and 
marble^ fumish a large amount of ordinary building stone, most 
of the ornamental stones, ^nd the chief ingredient in the compo- 
sition of the cements ani mortars, used in stone and brick-work. 
Lime-stone effervesces copiously with acids ; its texture is de- 
stroyed by a strong heat, which also drives off its carbonic acid 
and water, Converting it into quick lime. By absorbing water, 
quick-lime is converted into a hydrate^ or slaked lime ; consider- 
able heat is evolved during this chemical change, and the stone 
increases in bulk, and gradually crumbles down into a fine 
powder. 

The lime-stones present great diversity in their physical prop- 
erties. Some of them seem as durable as the best süicjous stones, 
and are but little inferior to them in strength and hardness ; others 
decompose rapidly on exposnre to the weather ; and some kinds 
are so soft that, when nrst quarried, they can be scratched with 
the nail» and broken between the fingers. The lime-stones are 
generally impure carbonates ; and we are indebted to these im- 
purities for some of the most beautiful, as well as the most inval- 
uable materials used for constructions. Those which are colored 
by metallic oxides, or by the presence of other minerals, fumish 
the large number of colored and variegated marbles ; while those 
which contain a certain proportion of clay, or of magnesia, yield, 
on calcination, those cements which, firom their possessing the 
property of hardening imder water, have received the yarious 
appellations of hydraulic lime, umter lime, Roman cement, &c. 

Lime-stone is divided* into two principal classes, granulär 
lime-stone and compact lime-stone. £ach of these fiimishes both 
tlie marbles and oiuinary building stone. The varieties not sus- 
ceptible of receiving a poUsh, are sometimes called common lime- 
stone. 

The granulär lime-stones are cenerally superior to the compact 
for builduiff purposes. Those which have the finest grain are the 
best, both for marbles and ordinary building stone. The coarse- 
grained varieties are frequently friable, and disintegrate rapidly 
when exposed to the weather. All the varieties, both of the com- 
pact and granulär, work freely under the chisel and grit-saw, and 
may be obtained in blocks of any suitable dimensions for the 
heaviest structures. 

The durability of lime-stone is very materially affected by the 
foreign minerals it may contain ; the presence oi clay injures the 
stone, particularly when, as sometimes happens, it runs through 
the bed in very minute veins : blocks of stone having this imper- 
fection, soon separate älong these veins on exposure to moisture. 
The protoxide, the protocarbonate, and the sulphuret of iron, are 
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also very destructive in their effects ; frequently causing, by their 
chemical changes, rapid disintegration. 

Among the varieties of impure carbonates of lime, the magne- 
sian lime-stones, called dolomites, m^rit to be particularly no- 
ticed. They are regarded in Europe as a superior buüding 
luaterial ; thoee being considered the best which are most crys- 
taUine, «nd are composed of nearly equal proportions of the 
carbonates of lime and magnesia. Some of the (marries of this 
stone, which have been opened in New York and Massachusetts, 
have given a different result ; the stone obtained from them being, 
in some cases, extremely firiable. 

22. Marlies, The term marble is now applied exclusively 
to any lime-stone which will receive a polish. Owing to the cost 
of preparing marble, it is restricted in its uses to omamental pur- 
poses. The marbles present great variety, both in color and ap- 
pearance, and have generaUy received some appropriate name 
descnptive of these accidents. 

23. Statuary Marble is of the purest white, iinest grain, and 
free irom all foreign minerals. It receives that delicate polish, 
without glare, which admirably adapts it to the purposes of the 
sculptor, for whose uses it is mostly reserved. 

24. C<mglomerate Marble. This consists of two varieties ; the 
one termed pudding stone, which is composed of rounded pebbles 
imbedded in compact lime-stone ; the other termed breccia, con- 
sisting of angular fragments united in a simUar manner. The 
colors of these marbles are generally variegated, fonning a very 
handsome omamental material. 

25. Birds-eye Marble, The name of this stone is descriptive 
of its appearance, which arises from the cross sections of a pecu- 
liar fossil {fucoides demissus) contained in the mass, made in 
sawing or Splitting it. 

26. Lumachella Marble, This is obtained from a lime-stone 
liaving Shells imbedded in it, and takes its name from this cir- 
cumstance. 

27. Verd Antique, This is ä rare and costly variety, of a 
beautiful green color, caused by veins and blotches of Serpentine 
difFused through the lime-stone. 

28. The terms veined, golden, Italian, Irish, &c., given to 
the marbles found in our markets, are signüicant of their appear- 
ance, or of the localities from which they are procured. 

29. Lime-st(me is so extensively diifused throughout the Uni- 
ted States, and is quarried, either for building stone or to fumish 
lime, in so many localities, that it would be impracticable to enu- 
merate all within any moderate compass. One of the most re- 
markable formations of this stone extends, in an uninterrupted 
bed, from Canada, through the States of Vermont, Mass., Conn., 
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New York, New Jersey, Penn., and Virg., and, in all probability, 
much farther south. 

Marbles are quarried in yarious localities in the United States. 
Among the most noted are the quarries in Berkshire Co., Mass., 
which fiirnish both pure and variegated marbles ; those on the 
Potomac, from which the columns of confflomerate marbles were 
obtained that are seen in the interior of the Capitol at Washing- 
ton ; several in New York, which furmsh white, the biids-eye, and 
other variegated kinds ; and some in Conn., which, among other 
varieties, furnish a verd antique of handsome quality . 

Lime-stone is bumed, either for building or agricultural pur* 
poses, in almost every locality where deposites of the stone occur. 
Thomaston, in Maine, has supplied for some years most of the 
markets on the sea-board with a material which is considered as 
a superior article for ordinary building purposes. One of the 
greatest additions to the building resources of our country, was 
made in the discovery of the hydraulic or water lime-stones of 
New York. The preparation of this material, so indispensable 
for all hydraulic works and heavy structures of stone, is carried 
on extensively at Roundout, on the Delaware and Hudson canal, 
in Madison Co., and is sent to every part of the United States, 
being in great dei;nand for all the puohc works carried on under 
the superintendence of our civil and military engineers. A not 
less valuable addition to our building materials has been made by 
Prof. W. B. Rogers, who, a few years since, directed the atten- 
tion of engineers to the dolomites, for their good hydraulic prop- 
erties. From experiments made by Vicat, in France, who first 
there observed tfie same properties in the dolomite, and from 
those in our own coimtry, it appears highly probable that the mag- 
nesian lime-stones, containing a certain proportion of magnesia, 
will be found fully equal to the argillaceous, from which hydraulic 
lime has hitherto been solely obtained. 

Both of these lime-stones belong to very extensive formations. 
The hydraulic lime-stones of New York occur in a deposite called 
the Water-lime Group, in the Geological Survey of New York, 
corresponding to formation VI. of Prof. H. B. Rogers' arrange- 
ment of the rocks of Penn. This formation is co-extensive with 
the Helderberg Range as it crosses New York ; it is exposed in 
many of the Valleys of Penn, and Virg., west of the Great Valley. 
It may be sought for just below or not far beneath the Oriskany 
sand-stones of the New York Survey, which correspond to form- 
ation VII. of Rogers. This sand-stone is easily recognised, being 
of a yellowish white color, granulär texture, with large cavities 
left by decayed shells. The hme-stone is usually an earthy, 
drab-colored rock, sometimes a greenish blue, which does not 
slake after being bumed. 
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The hydraulic magnesian lime-stones belong to the foroiations 
II. and VI. of Rogers ; the first of these is the same as the Black 
Riv€r, or Mohawk lime-stone of the New York Survey. It is the 
oldest fossiliferous lime-stone in the United States, and occurs 
throughout the whole bed, associated with the slates which occu- 
py formation III. of Rogers, and are called the Hudson River 
Group in the New York Survey. This extensive bed lies in the 
great Appalachian Valley, known as the Valley of Lake Cham- 
plain, V alley of the Hudson, as far as the Highlands, Cumberland 
Valley, Valley of Virginia, and Valley of East Tennessee. The 
same stone is found in the deposites of some of the westem Val- 
leys of the mountain region oi Penn, and Virginia. 

The importance of hydraulic lime to the security of structures 
exposed to constant moisture, renders a knowledge of the geo- 
logical positions of those lime-stones from which it can be ob- 
tained an object of great interest. From the results of the various 
geological surveys made in the United States, and in Europe, 
Hme-stone, possessing hydraulic properties when calcined, may 
be looked for among thos^ beds which are found in connection 
with the shalesy or other argillaceous deposites. The celebrated 
Roman, or Parketts cement, of England, which, from its prompt 
induration in water, has become an important article of commerce, 
is mariufactured from nodules of a concretionary argillaceous 
lime-stone, called septaria, from being traversed by veins of 
sparry carbonate of fime. Nodules of this character are found 
in Mass., and in some other States ; and it is probable they would 
jrield, if suitably calcined and ground, an article in nowise inferior 
to that imported. 

30. Gypsurriy or Piaster of Paris. This stone is a^ulphate of 
Hme, and has received its name from the extensive use made of 
it at Paris, and in its neighborhood, where it is quarried and sent to 
all parts of the world ; being of a superior quaHty, ovring, it is stated, 
to a certain portion of carbonate of lime whicn the stone contains. 
Gypsum is a very soft stone, and is not used as a building stone. 
Its chief Utility is in ftimishing a beautifiil material for the oma- 
mental casts and mouldings in the interior of edifices. For this 
purpose it is prepared by calcining, or, as the workmen term it, 
boiting the stone, until it is deprived of its water of crystallization. 
In this State it is made into a thin paste, and poured into moulds to 
form the cast, in which it hardens very promptly. Calcined plaster 
of Paris is also used as a cement for stone ; but it is eminently uniit 
for this purpose ; for when exposed, in any Situation, to moisture, 
it absorbs it with avidity, swefis, cracks, and exfoliates rapidly. 

Gypsum is found in various localities in the United States. 
Large quantities of it are quarried in New York, both for build- 
ing and agricultural purposes. 

2 
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31. I^URABiLiTT OF Stone. The mo8t important properties 
of stone, as a building material, are its durabiiity under tue or* 
dinary circumstances of exposure to weather ; its capacity to 
sustain high degrees of temperature ; and its resistance to the 
destructive action of fresh and salt water. 

. The wear of stone firom ordinary exposure is veiy variabley 
depending, not only upon the textuie and constifuent elements of 
the stone, but also upon the locahty and the position it may oc- 
cupy in a structure, with respect to the prevailinff driving rains. 
The chemist and ^eologist have not, thus üeut, laid down any in- 
falUble rules to guide the engineer in the selection of a ihaterial 
that may be pronounced duiable for the oidinaiy peiiod allotted 
to the works of man. In truth, the subject admits of only gen- 
eral indications ; for stones having the same texture and chemical 
composition, firom causes not fiiUy ascertained, are found to pos- 
sess very different degrees of duration. This has been particu* 
larly noted in feldspauiic rocks. As a general rule, those stones 
which are fine-grained, absorb least water, and are of greatest 
specific gravity, are also most durable under ordinary exposures. 
The weight of a stone, however, may arise firom a large propor* 
tion of iron in the State of «a protoxide, a circumstance ^eneraUy 
unfavorable to its durabiiity. Besides, the various chemical com- 
binations of iron, potash and clay, when found in considerable 
quantities, both in the primary and sedimentary sihcious rocks, 

Seady affect their durabiUty. The potash contained in feldspar 
ssolves, and carrying off a considerable proportion of the sihca, 
leaves nothinff but aluminous matter bemnd. The clay, on the 
other band, absorbs water, becomes soft, and causes the stone to 
crumble to pieces. Iron in the form of protoxide, in some cases 
only, discolors the stone by its conversion into a peroxide. This 
discoloration, while it greatly diminishes the value of some stones, 
as in white marble, in others is not disagreeable to the eye, pro- 
ducing often a mottled appearance in buudings which adds to the 
picturesque effect. 

32. Frost, or rather the altemate actions of freezing and thaw- 
ing, is the most destructive agent of Nature with which the en- 
gineer has to contend. Its effects vary with the texture of stones ; 
those of a fissile nature usually spUtting, while the more porous 
kinds disintegrate, or exfoliate at me suiface. When stone firom 
a new quarry is to be tried, the best indication of its resistance to 
firost may be obtained firom an examination of any rocks of the 
same kind, within its vicinity, which are known to have been 
exposed for a long period. oubmitting the stone fresh from the 
quarry to the direct action of freezing would seem to be the most 
certain test, were the stone destroyed by the expansive action 
alone of firost : but besides the uncertainty of this test, it is known 
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that some stoues, which^ when first quarried, are much affected 
by frosty Splitting under its action, become impervious to it after 
they have lost the moisture of the quarry, as they do not re-abaorb 
near so large an amount as they brin^ from the quarry. 

33. M. Braid, a French chemist, has given a process for as- 
certaining the effects of frost on stone, w^iich has met with the ap» 
proval of many French architects and engineers of Standing, as it 
corresponds with their experience. M. Brard directs that a small 
cubical block, about two inches on the edge, shall be carefuUy 
sawed from the stone to be tested. A cold saturated Solution ol 
sulphate of soda is prepared, pkced over a fire, and brought to 
the boiling point. Tne stone, suspended from a string, is im- 
mersed in the boiling liquid, and kept there dunng tbirty minutes ; 
it is then carefully withdrawn ; the liquid is decanted. free from 
Sediment into a fiat vessel, and the stone is suspended over it in 
a cool cellar. An efflorescence of the salt soon maJces its appear- 
ance on the stone, when it must be again dipped into the liquid. 
This should be done once or more frequently during the day» 
and the process be continued in this way for al)out a week. The 
earthy Sediment, foimd at the end of this period in the vessel, is 
weighed, and its quantity will give ah indication of the like effect 
of frost. This process, with the official Statement of a commission 
of engineers and architects, by whom it was tested, is minutely 
detailed in yoI. 38, Annales de Chimie et de Physique^ and the 
results are such as to commend it to the attention of engineers in 
submitting new stones to trial. 

34. By the absorption of water, stones become softer and more 
friable. The materials ioac road coverings should be selected 
from those stones which absorb least water, and are also hard 
and not brittle. Granite, and its varieties, limenstone, and com- 
mon sand-stone, do not make good road materials of broken ^tone. 
All the homblende rocks, porphjny, compact feldspar, and the 
quartzose rock associated with graywacke, fumish good, durable 
road coverings. The fine-grained granites which contain.but a 
small Proportion of mica, the fine-grained silicious sand-stones 
whidi are free from clay, and carbonate of lime, form a durable 
material when used in blocks for paving. Mica slate, talcose 
slate, homblende slate, some varieties of gneiss, some varieties 
of sand-stone of a slaty structure, and graywacke slate, yield ez- 
cellent materials for flag-stone. 

35. The iniluence of locality on the duiability of stone is very 
marked. Stone is observed to wear m(»re rapidly in cities than 
in the country ; and the stone in those parts of edifices exposed 
to the prevaiung rains and winds, soonest exhibits signs of decay. 
The disintegration of the stratified stones placed m a wall, is 
mainly affected by the position which the stiata, or quarry-bed 
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receives, with respect to the exposed surface ; proceeding faster 
when the faces of the strata are exposed, than in the contrary 
Position. 

36. Stones which resist a high degree of heat without fusing 
are used for lining fiimaces, and are termed fire-stones. A good 
fire-stone should not only be infiisible, but also not liable to crack 
or exfoliate from heat. Stones ihat contain lime, or magnesia, 
except in the form of Silicates, are usually unsuitable for fire- 
stones. Some pörous silicious lime-stones, as well as some gyp- 
sous silicious rocks, resist moderate degrees of heat. Stones 
that contain much potash are very fusible under high tempera- 
tiires, ninning into a glassy substance. Quartz and mica, in 
various combinations, fumish a good fire-stone ; as, for example, 
finely granulär quartz with thin layers of mica, mica slate of the 
same structure, and some kinds of gneiss which contain a large 
Proportion of arenaceous quartz. Several varieties of sand-stone 
make a good lining for fumaces. They are usually those varie- 
ties which are firee from feldspar, somewhat porous, and* are un- 
crystallized in the mass. Talcose slate likewise fumishes a good 
fire-stone. 

37. Hardness is an essential quaUty in ötone exposed to wear 
from the attrition of hard bodies. Stones selected for paving, flag- 
ging, and Steps for stairs, should be hard, and of a grain sum- 
ciently coarse not to admit of becoming very smooth under the 
action to which they are submitted. As great hardness adds to 
the difficulty of working stone with the chisel, and to the cost of 
the prepared material, builders prefer the softer or free-stonei, 
such as the lime-stones and sand-stones, for most building pur- 
poses. The foUowing are some of the results, on this point, ob- 
tained from experiment. 

Table showing the result of eooperiments made under the direc- 
tion ofMr, Walker y on the wear of different stones in the tram- 
way on the Commercial Road, London, from 27th March, 
1830, to 24th August, 1831, being a period of seventeen 
months. Transactions of Civil Engineers, vol. 1 . 



NameofstoM. 



Guernsey . . . 

Herme . . . . 

Budle . . . . 

Peterbead (blue) . 

Heytor . . . 

Aberdeen (red) . 

Dartmoor . . . 

Aberdeen (blue) . 



Bap.area 
infeet. 



4.734 
5.250 
6.336 
3.484 
4.313 
5.375 
4.500 
4.823 



Original weight 



cwt. qn. 
7 1 



7 
9 
4 
6 
7 
6 
6 



3 

1 

2 
2 
2 



Ibs. 
12.75 
24.25 
16.76 

7.60 
15.25 
11.50 
25.00 
16.00 



Lora of , 
weight by 
wear. 



4.50 

5.50 

7.75 

6.25 

8.25 

11.50 

12.50 

14.75 



Loss Der 
sap. root 



0.951 
1.048 
1.223 
1.795 
1.916 
2.139 
2.778 
3.058 



Belative 
losaes. 



1.000 
1.102 
1.286 
1.887 
2.014 
2.249 
2.921 
3.216 
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The Commercial Road st#neway consists of two parallel lines 
of rectangular tramstones, ^8 inches wide by 12 inches deep, and 
jointed to each other endwise, for the wheels to travel on, with a 
common street pavement between for the horses. 

The following table gives the results of some experiments on 
the wear of a fine-grained sand-stone pavement, by M. Coriolis, 
during 8 years, upon the paved road from Paris to Toulouse, the 
carriage over which is aoout 500 tons daily, published in the 
Annales des Ponts et ChausSeSy for March and April, 1834. 



Weight of a 
cubic fbot 


Vollline of water absorbed by tbe 
dry stone afler one day's im- 
merslon, eompared to that of 
the stone. 


Mean aniinal 
wear. 


158 Ibs. 


Neglected as insensible. 


0.1023 inch. 


154 '* 


« 


0.1063 " 


166 « 


« 


0.1399 " 


150 " 


TT in Yolume. 


0.2126 ** 


148 " 


^ " 


0.2677 " 



M. Coriolis remarks, that the weight of water absorbed affords 
one of the best indicätions of the durability of the fine-grained 
sand-stones used in France for pavements. An equally good test 
of the relative durabihty of stones of the same kind, M. Coriolis 
States, is the more or less cleamess of sound given out by striking 
the stone with a hammer. 

The following results are taken from an article by Mr. James 
Frost, Civ, EngineeTy inserted in the Journal of the Franklin 
Institute for Oct. 1835, on the resistance of vanous substances 
to abrasion. The substances were abraded against a piece of 
white statuary marble, which was taken as a Standard, repre- 
sented by 100, by means of fine emery and sand. The relative 
resistance was caäculated from the weight lost by each substance 
during the Operation. 



Comparative Resistance to Abrasion. 

Aberdeen granite 

Hard Yorkshire paying stone . 

Italian black marble 

ICilkenny black marble 

Statuary Marble 

Old Portland stone . 

Roman cement stone 

Fine-grained Newcastle grindstone 

Stock brick . ' . . 

Coarse-grained Newcastle grindstone 

Bath stone . . - . 



980 

327 

260 

110 

100 

79 

69 

53 

34 

14 

13 
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LIME. 

38. Lüne, considered as a buildmg material, is now «sually 
divided into three principal classes ;. Common^ or Air lime^ Hy- 
draulic linier and Hydraulic, or WcUer cement, 

39. Common, or air Urne, is so called because the paste made 
from it with water will harden only in the air. 

40. Hydraulic Urne and hydraulic cement both take their name 
from hardening under water. The former differs from the latter 
in two essential points. It slakes thoroughly, like common lime, 
when deprived of its carbonic acid, and it does not harden 
promptly under water. Hydraulic cement, on the contrary, does 
not slake, and usually hardens very soon. 

41. Our nomenclature, with regard to these substances, is stiU 
quite defjpctive for scientific arrangement. For the lime-stones 
which peld hydraulic Urne when completely calcined, also give 
an hydrauhc cement when deprived of a portion only of their 
carbonic acid ; and other hme-stones yield, on calcination, a result 
which can neither be termed lime nor hydrauhc cement, owing 
to its slaking very imperfectly, and not retaining the hardness 
which it quickly takes when first placed under water. 

M. Vicat, whose able researches into the properties of lime and 
mortars are so well known, has proposed to apply the term cement 
lime-stones (calcaires ä ciment) to those stones which, when com- 
pletely calcined, yield hydraulic cement, and which under no de- 
gree of calcination, will give hydrauhc hme. For the lime-stones 
which yield hydrauhc lime when completely calcined, and which, 
when subjected to a degree of heat insufficient to drive off all their 
carbonic acid, yield hydraulic cement, he proposes to retain the 
name hydrauhc hme-stones ; and to call the cement obtained 
from their incomplete calcination, under-bumt hydraulic cement, 
(ciments dHncuits^) to distinguish it from that obtained from the 
cement stone, With respect to those lime-stones which, by cal- 
cination, give a result that partakes partly of the properties both 
of hmes and cements, he proposes for them the name of dividing 
limes, {chaux limites,) 

The terms fat and meager are also applied to hmes ; owing to 
the difference in the quahty of the paste obtained from them with 
the same quahtity of water. The tat limes give a paste which is 
unctuous both to the sight and touch. The meager. limes yield 
a thin paste. These names were of some importance when first 
introduced, as they served to distinguish common from hydraulic 
lime, the former being always fat, the latter meager ; but, later 
experience having shown that all meager hmes are not hydrauhc, 
the terms are no longer of use, except to designate qualities of 
the paste of limes. 
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42. Hydraulic Limes and Cements. The lime-stones whidi 
yield these substances are- either argillacecus^ or magnesian^ or 
argilo^nagnesian, The products of their calcination vaiy con- 
siderably in their hydraulic properties. Some of the hydraulic 
Umes harden, or set very slowly under water, while others set rap- 
idly. The hydraulic cements set in a very short time. This 
diversity in the hydraulic energy of the argillaceous lime-stones, 
arises from the variable proportions in which the lime and clay 
enter into their composition. 

43. M. Petot, a civil engineer in the French Service, in an able 
work entitled Recherches surla Chauffournerie, gives the foUow- 
ing table, exhibiting these combinations, and the results obtained 
from their calcination. 



Lime. 
100 


Clay. 



Reralting prodacts. 


IMstliicttve cbamcten of this products. 


Very fat lime. 


Incapable of hardening in water. 


90 


10 


Lime a little hydraulic. 


C Slakes like pure lime, when 


80 


30 


' do. quite hydrauUc. 


< properly calcined, and hard- 


70 


30 


do. do. 


f ens under water. 


60 


40 


Plastic, or hydraulic cement. 


C Does not slake under any cir- 


50 


50 


do. 


< cumstances, and hardens un- 


40 


60 


do. 


f der water with rapidity. 


30 


70 


GalcareoüB puzzols^no (brick). 


i Does not slake nor harden un- 


20 


80 


do. do. 


< der water, unless mixed with 


10 


90 


do. do. 


i a fat, or an hydraulic lime. 





100 


Puzzolano of pure clay do. 


Same as the preceding. 



44. The most celebrated European hydraulic cements are ob- 
tained from argillaceous lime-stones, which vary but slightly in 
their constituent Clements and properties. The foUowing table 
gives the restilts of analyses to determine the relative proportions 
of lime and clay in these cements. 

Table of Foreign Hydraulic Cements, showing the relative pro* 
portions of Clay and Lime contained in them. 



LOCALITT. 


Lime. 


Clay. 


English, (commordy knawn as Parker% or Roman cement) 


55.40 


44.60 


French, (madefrom Boulogne pebbles) 




54.00 


46.00 


Do. (Pouüly) 




42.86 


57.14 


Do. do. . . 




36.37 


63.63 


Do. (Baye) 




21.62 


78.38 


Rttssian 

• 




62.00 


38.00 



The hydrauUc cements used in England are obtained from 



16 



BUILDING MATERIALS. 



Tarious localities, and differ but little in the relative propoitions 
of lime and clay found in them. Parlter's cement, so calfed irom 
the name of the person who first introduced it, is obtained by 
calcining nodules of septaria. The composition of these nodules 
is the same as that of the Boulogne pebbles found on the opposite 
coast of France. The stones which fumish the EngUsh and 
French hydrauUc cements, contain but ä very small amount of 
magnesia. 

45. The best known hydraulic cements of the United States, 
are manufactured in the State of New York. The foUowing 
analyses of some of the hydraulic lime-stones, from.the most 
noted localities, published in the Geological Report ofthe State 
qf New Yorkf 1839, are given by Dr. Beck. 



Analysis of the Manlius Hydraulic Lime-stone, 

Carbonic acid 39.80 

Lime 96.94 

Magnesia 18.80 

Silica and alumina . . .. 13.50 

Oxide ofiron 1.95 

Moisture and loss . 1.41 

100.00 



This stone belongs to the same bed which yields the hydraulic 
cement obtained near Kingston, in Upper Canada. 



Analysis of tJie Chittenango Hydraulic Lime-stone, before and 

after calcination. 







Unbanit. 


Carbonic acid and moisture 

Tiime 

Magnesia .... 

Silica 

Alumina and oxide of iron 


Borat. 


Carbonic acid . 

Lime 

Magnesia . . . . 

Silica 

Alumina . . . . 
Peroxide of iron 
Moisture . . . . 




39.33 

25.00 

17.83 

11.76 

9.73 

1.50 

1.50 


10.90 
39.50 
29.27 
16.56 
10.77 


100.00 






100.00 
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Analysis of the HydraulK^Jjime-stone from Ulster Co,, along 
the linß of the Delaware and Hudson CanaL before and after 
buming: > 



^ , 








Unbanit 


Burat 


Carbonic acid 

Lime 

Magnesia . • ' . 

Silica 

Alumins 

Oxide of iron 

Bitaminous matter, moisture, and losa 








34.30 

35.50 

13.35 

15.87 

9.13 

3.35 

1.30 

• 


5 

37.60 
16.65 
33.75 
13.40 
3.30 
1.30 








' 


100.00 


100.00 



The hydraulic cement from this last locality has become gen- 
erally well known, having been successfiilly used for most of the 
military and civil public works on the sea-board. 

From the results of the analyses of all the above limestones, it 
appears that the proportions of Urne and clay contained in them 
place them under the head of hydraulic cements, according to tke 
Classification of M. Petot. They do not slake, and they all set 
rapidly under water. 

46. The discovery of the hydraulic properties of certaiii^ mag- 
nesian lime-stones is of recent dato, and is due to M. Vi^at, who 
first drew attention to the subject. M. Vicat inclip^ to the 
opinion, that magnesia alone, without the presence of some clay, 
will yield only a feeble hydraulic lime. He stater» Üiat he has 
never been able to obtain any other, from proceedii\$ q/ntheticallv 
with common lime and magnesia ; and that he kpows of no welf- 
authenticated instance in which any of the dofomites, either of 
the primitive or transition formations, have yieUod a good hydrau- 
lic lime. The stones from these formations, \e states, are devoid 
of clay ; being very pure crystalline carboitates, or eise contain 
silex only in the State of fine sand. Frim M. Vicat's eiperi- 
ments, it is rendered certain that carbonatf of magnesia in combi- 
nation with carbonate of lime, in the prq>ortion of 40 parts of the 
latter to from 30 to 40 of the former, T^ill produce a feebly hy- 
drauhc lime, which does not appear ta increase in hardness after 
it has once set ; but that with uie sime proportions, some hun- 
dredths of clay are requisite to give hydraulic energy to the Com- 
pound. This Proportion of clay M. Vicat supposes may cause 
the formation of tnple hydro-süicates of lime, alumina, and mag- 
nesia, having all the chüaracteristic properties of good hydraulic 
lime. 

47. The hydraulic properties of the magnesian lime-stones of 

3 
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the United States were noticed by Professor W. B. Rogers, who, 
in his Report of the Geological Survey of Virginiay 1838, has 

Even the idlowing analyses of some of the stones firom different 
calities. 



Carbonate of iirae .... 
Cazbonato«f magnesia . 
Ahuaina and oxide of iroo 
Silica and iosoluble matter 

Water 

Lobs 


No. 1. 


NO.S. 


No.3. 


No. 4. 


55.80 
39.20 
1.50 
2.50 
0.40 
0.60 


•53.23 
41.00 
0.80 
2.80 
0.40 
1.77 


48.20 

35.76 

1.20 

12.10 

2.73 

O.Ql 


55.03 

24.16 

2.60 

15.30 

1.20 

1.71 


100.00 


100.00 


100.00 


100.00 

• 



The lime-stone No. 1 of the above table is firom Sheppardstown 
on the Potomac, in Virginia \ it is extensively manuuictured for 
hydrauüc oement. No. 2 is firom the Natural Bridge, and banks 
of Cedar Creek, Yimnia ; it makes a good hydraulic cement. 
Ko. 3 is firom New York, and is extensiyely bumt for cement. 
No. 4 is firom Louisville, Kentucky; said to make a good cement. 

49. M. Vicat states, that a magnesian lime-stone of France 
contakiing the follbwing constituents, lime 40 parts, magnesia 21, 
and silha 21, yields a good hydrauhc cement ; and he gives the 
following analysis of a stone which gives a good hjrdraufic lime. 

Carbonate of lime . 50.60 

Carbonate of magnesia 42.00 

Süica 5.00 

AlUqoina 2.00 

Oxidtofiron 0.40 



100.00 



m 

By comparinff l&e cojistituents of these two last stones with the 
analyses of tne cemei^t-stones of New York, and the magnesian 
hydraulic lime-stones ot Prbf. Rogers, it will be seen that they 
consist, rc^pectively, of aearly the same combinations of lime, 
magnesia, and silica. 

49. Physical Chardcters and Tests of Hydraulic Lime-stones. 
The simple external charactecs of a lime-stone, as color, texture, 
firacture, and taste, are insufficient to enable a person to decide 
whether it belongs to the hydraulic class ; although they assist 
conjecture, particularly if the rock, firqm which the specunen is 
taken, is found in connection with die clay deposites, or if it be- 
long to a Stratum whose general level and characteristics are the 
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same as>the argilo-magnesian rocks/ .These rocks are generally 
8ome ethade of drab, or of gray, or of a dark grayish blue ; have 
a compact texture ; fracture even or conchoidd ; With a clayey or 
earthy smell and taste. Although thf hydraulic lime-Btones are 
usually colored, still it may happen that the stone may be of a pure 
white, arising from the oombination of lime with a pure day. 

The difficul^ of pronoimciug upon the class to which a lime- 
Btone belongs, £rom its Dhysical properties aione, renders it neces- 
sary to resort to a chemieal analysis, and even to direct emeriment, 
to decide the question. 

50. Inmaking^a complete chemicalanalysis of aIiine-stone,more 
skill in cheniicau manipulations is requisite than engineers usually 
possess ; but a person who has the ordinary elementar^ know- 
tedge of cheioistry, can readily ascertain the quantity of clay or 
of magnesia contained in a lime-stone, and from the^e two ele- 
ments can pronounce, with tolerable certainty, upon itSshydraulic 
pr(^rties. To arrive at this conclusion, a smatl portion of the 
stone to be tested — ^about five drachms — ^is tahen and reduced to 
a powder ; this is placed in a capsule, or an ordinary watch 
crystal, and slightly diluted muriatie acid is poured over it\until 
it ceases to e£feryesce. The capsule is then gently heated, and 
the liquor evaporated, until the residue in the capsule has acquired 
the consistence of thin paste. This paste is thrown into a pint 
of pure water and well shaken up, and the mixture is then äl- 
tered. The residue left on the filtering paper is th<»roughly dried, 
by bringiflg it to a red heat ; this being weighed will give the 
cky, or insoluble matter, contained in the stone. It is important 
to ascertsSn the State of mechanical division of the insoluble mat- 
ter thus obtained ; for if it be whoUy granulär, the stone will not 
yield hydrauUc lime. The granulär portion must therefore be 
carefully separated from the other before the latter is dried and 
weighed. 

51. If the sample tested contains magnesia, an indicatiön of 
this will be given by the slowness with which the acid acts ; if 
the quantity of magnesia be but little, the Solution will ^t first 
proceed rapidly and then become more sluggish. To ascertain 
.the quantity oi magnesia, clear lime-water must be added to the 
filtered Solution as long as any precipitate is formed, and this 

Erecipitate must be quickly gathered on filtering paper, and then 
e washed with pure water.. The residue from this washing is 
the magnesia. It must be thoroughly dried before being weighed, 
to ascertain its proportion to the clay. 

52. HaYing ascertained, by the preceding analysis, the proba* 
ble hydrauUc energy of the stone, a sample of it should also be 
submitted to direct experiment. This may be likewise done on 
a small scale. A sample of the stcxie laaust be redueed to frag«^ 
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ments about the size of a walnut. A crucible, perforated witli 
holes for the free admission of air, is filled with these fraffments, 
and placed over a fire sufficiently poweiful to drive o£f the car- 
bonic acid of the stone. The time for e£fecting this will depend 
on the intensity of the heat. When the heat has been appUed 
for three or four hours, a small portion of the calcined stcme may 
be tried with an acid, and the degree of the calcination may be 
judged of by the more or less copiousness of the effenrescence 
that ensu^s. If no effeirescence takes place, the Operation may 
be considered completed. The calcined stone should be tried 
soon after it has become cold ; otherwise, it should be kept in 
a glass jar made as air-tight as practicable until used. 

53. When the calcinä stone is to be tried, it is first slaked 
by placing it in a small basket, which is immersed for fiye or six 
seconds in pm-e water. The stone is emptied from the basket so 
soon as the water has drained off, and is allowed to stand until 
the slaking is termiiiated. This process will proceed more or 
less rapidly, according to the quality of the stone, and the degree 
of its calcination. In some cases, it will be completed in a few 
minutes ; in others, portions only of the stone will fall to powder, 
the rest crumbling into lumps which slake very sluggishly ; while 
other varieties, as the true cement stonesj give no evidence of slak- 
ing. If the stone slakes either completely or partially, it must be 
converted into a paste of the consistence of soft putty, being ground 
up thoroughly, if necessary, in an iron mortar. The paste is 
made into a cake, and placed on the bottom of an ordlhary tum- 
bler, care being taken to make the diameter of the cake the same 
as that of the tumbler, which is filled with water, and the time of 
immersion noted. If the lime is only moderately hydraulic, it 
will have become hard enough at the end of fifteen or twenty 
days, to resist the pressure of the finger, and will continue to 
harden slowly, more particularly from Üie sixth or eighth month 
after immersion ; and at the end of a year it will have acquired 
the consistency of hard soap, and will dissolve slowly in pure 
water. A fair hydraulic lime will have hardened so as to resist 
the pressure of the finger, in about six or eight days after immer- 
sion, and will continue to grow harder until from six to twelve 
months after immersion ; it will then have acquired the hardness 
of the softest calcareous stones, and will be no longer soluble in 

Eure water. When the stone is eminently hydraulic, it will have 
ecome hard ia firom two to four days after immersion, and in one 
month it will be quite hard and insoluble in pure water ; after six 
months, its hardness wiU be about equal to the more absorbent 
calcareous stones ; wül splinter from a blow, presenting a slaty 
fracture. 

As the hydraulic cements do not slake perceptibly, the bumt 
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stone must first be reduced to a fine powder before it is made 
into a paste. The paste, when kneaded between the fingers, be- 
comes warm, and will generally set in a few minutes, either in the 
open air or in water. Hydraulic cement is far more sparingly 
soluble in pure water than the hydraulic lime ; and the action of 
pure water upon them ceases, apparently, after a few weeks im- 
mersion in it. 

54. Calcination of Lime-stone, The eifFect of heat on lime* 
stones varies With the constituent elements of the stone. The 
pure lime-stones will stand a high degree of temperature with- 
out fusing, losing only their carbonic acid and water. The im- 
pure stones containing sihca fuse completely under a great heat, 
and become more or less vitrified when the temperature much ex- 
ceeds a red heat. The action of heat on the impure lime-stones, 
besides driving ofF their carbonic acid and water, modifies the re- 
lations of theu* other chemical constituents. The argillaceous 
stones, for example, yield an insoluble precipitate when acted on 
by an acid before calcination, but are perfectfy soluble afterwards, 
unless the silex they contain happens to be in the form of grains. 

55. The calcination of the nydraulic lime-stones, from their 
lusfble nature, requires to be conducted with great care ; for, if 
not pushed far enough, the imder-bumt portiorts will not slake ; 
and, if carried too far, the stone becomes aead or slugffish ; slakes 
very slowly and imperfecüy at first ; and, if used in this State for 
masonry, may do injury by the swelling which accompanies the 
after-slaking. 

56. The more or less facility with which the impure lime-stones 
can be bumed, depends upon several causes ; as the compactnesa 
of the stone ; the size oi the fragments submitted to heat ; and 
the presence of a current of air, or of aqueous vapor. The more 
compact stones yield their carbonic acid less readily than those 
of an opposite texture. Stones which, when broken into very 
small lumps, can be calcined imder the red heat of an ordinary 
fire in a few hours, will require a far greater degree of tempera- 
ture, and for a much longer period, when broken into fragments 
of six or eight inches in diameter. This is particularly the case 
with the impure lime-stones, which, when in large lumps, vitrify 
at the surface before the interior is thoroughly bumt. 

57. If a current of vapor is passed over tne stone after it has 
commenced to give o£f its carbonic acid, the remaining portion of 
the gas which, under ordinary circumstances, is expelled with 
great difficulty, particulariy near the end of the process of calci- 
nation, will be carried off much sooner. This influence of an 
aqueous current is attributed, by M. Gay-Lussac, purely to a 
mechanical action, by removing the gas as it is evolved, and bis 
experiments go to show that a like effect is produced by an at- 
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mospheric cuirent. In bumioe the impure lime-stones, howerier, 
an aqueous cuirent produces me farther beneficiaj eSect of pre- 
Tenting the vitrificaticm of the atone, when the tempeialure has 
become too elevated ; but as the vapor, on coming in contact 
with the heated stone, cairiea oS a laige portion of the heat, thiB, 
togethei with the latent heat contained in it, may reader its use, 
in some caeea, far from economical. 

58. Wood, charcoal, peat, the tHtumioona and anthracite coals 
are used fw fiiel in lime-buminff. M. Vicat atatea, that wood is 
the best fuel for buming hydraulic lime-sloneB ; that charcoal is 
inferior to bitununouB coal ; and that the results from this last are 
very uncertain. When wood is used, it should be dry and «piit 
up, to bum quickly and give a clear blaze. The common opim<m 
among lime-bumera, that the greener the fuel the better, and that 
the lime-stone should be watered before it is placed in the kilu, is 
WTong ; as a large portion of the heat is coasumed in Converting 
the Trater in both cases into vapor. Coal is a more ec<»iomical 
fuel than wood, and is therefore generally preferred to it ; but it 
requires particular care in ascertaining the proper quantity for use. 

59. Ltme-kÜTis. Great diversity is met with in the ionns and 
ptopoitiona of lime-kilns. Wherever attention has been paid to 
economy in fuel, the cylindrical, ovaidal, or the inverted conical 
form has been adopted. The two first being preferred for wood, 
and the last for coal. 

- 60. The whole of the bumt lime is either drawn from the kihi 
at once, or eise the buming Is ao regulated, that fresh stone and 
fuel are added aa the calcined portions are withdrawn. The lat- 
ter meUiod is uauaily followed when the fiiel used is ccfl. The 
Blone and coal, broken into proper sizes, (Fig. I,) and in proper- 
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tions deternuned by experiment, are placed in the kiln in altemata 
layers ; the coal is ignited at the bottom of the kib, and fresh 
strata aie added at the top^ as the bumt mass settles down and is 
partially vrithdravm at the bottom. Kilns used in this way are 
called perpetual kilns ; they aie more economical in the con- 
•umption of fiiel than thoae in which the buming ia intermitted, 
and which are, on this account, termed intermittent kilns. Wood 
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may also be' used as fuel in peipetual kilns, but not with such 
economy äs coal ; it moreover presents many inconveniences, in 
supplying the kiln with fresh stone, and in regulating its dis- 
charge. The inverted conical^shaped kihi is generally adopted 
for coal, and the OToidal-shaped for wood. 

6L Some care is reqnisite in fiUing the kihi with stone when a 
wood fire is used. A dorne (Fig. 2) is fbnned of the largest blocks 
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of the broken stone, which either rests on the bottom of the kihi or 
on the ash-grate. The lower diameter of the dorne is a few feet 
less than that of the kihi ; and its interior is made suiSciently capa- 
cious to receiye the fiiel which, cut into short lengths, is placed 
up endwise around the dorne. The stone is placed over and 
around the courses which form the dorne, the largest blocks in 
the centre of the kiln. The management of the &:e is a matter 
of experiment. For the first eight or ten hours it should be care- 
fully regulated, in order to bring the stone gradually to a red heat. 
By applying a high heat at first, or by any sudden in«:ease of it 
until tlie mass has reached a nearly uniform temperature, the 
stone is apt to shiver, and choke the kiln, by stopping the voids 
between tue courses of stone which form the dome. After the 
stone is brought to a red heat, the supply of fuel should be uni- 
form until the end of the calcination. The practice sometimes 
adopted, of abating the fire towards the end, is bad, as the last 
portions of carbonic acid retained by the stone, require a high de- 
gree of heat for their expulsion. The indications of complete 
calcination are generally manifested by the diminution which 
gradually takes place in the mass, and which, at this stage, is 
about one sixth of the primitive volume ; by the brdeen appear- 
ance of the stone which forms the dome, the interstices between 
which being also choked up by fragments of the bumt stone ; and 
by the ease with which an iron bar may be forced down through 
tne bumt stone in the kiln. When these indications of complete 
calcination are observed, the kiln should be closed for ten or 
twelv^ hours, to confine the heat and finish the buming of the Up- 
per *strata. 

62. The form and relative dimensions of a kiln for wood can 
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oe determined only by carefiil experiment. If too great height 
be given to the mass, the lower portions may be oveibumed be- 
fore the upper are bumed enougn. The proportions between the 
height and mean horizontal section, will depend on the texture of 
the stone ; the size of the fragments into which it is broken for 
burning ; and the more or less facility with which it ritrifies. In 
the memoir of M. Petot, ahready cited, it is stated as the results 
of experiments made at Brest, that large-sized kilns are more 
economicaly both in the consumption of fuel and in the cost of 
attendance, than small ones ; but that there is no notable econo- 
my in fuel when the mean horizontal section of the kiln exceeds 
sixty SQU£ü:e feet. 

63. The circular seems the moat suitable form for the horizon- 
tal sections of a kiln, both for strength and for economizing the 
heat. Were the section the same throughout, or the form of the 
interior of the kiln cylindrical, the strata of stone, above a certain 
point, would be very imperfectly bumed when the lower were 
enough so, owing to the rapidity with which the inflamed gases, 
arising from the combustion, are cooled by Coming into contact 
with tne stone. To procure, therefore, a temperature throuffhout 
Üie heated mass whicn shaU be nearly uniform, the horizontal sec- 
tions of the kiln should gradually decrease from the point where 
the flame rises, which is near the top of the dome of broken stone, 
to the top of the kiln. This contraction of the horizontal section, 
from the bottom upward, should not be made too rapidly, as the 
draft would be injured, and the capacity of the kun too much 
diminished^ and in no case should the area of the top opening be 
less than about one fourth the area of the section taken near the 
top of the dome. The best manner of arranging the sides of the 
kiln, in the plane of the longitudinal section, is to connect the top 
opening with the horizontal section throuffh the top of the dome, 
by an are of a circle whose tangent at me lower point shall be 
Tertical. 

64. Lime-kilns are constructed either of brick, or of some of 
the more refractory stones. The walls of the kiln should be suf- 
ficiently thick to confine the heat, and, when the locality admits 
of it, tney are built into a side hill ; otherwise, it may be neces- 
sary to use iron hoops, and vertical bars of iron, to strensthen the 
brick-work. The interior of the kiln should be faced eiuier with 
good fire-brick or with fire-stone. 

65. M. Petot prefers kilns arranged with iire-grates, and an 
ash-pit under the dome of broken stone, for the reason that they 
ffive the means of better regulating the heat, and of throwing the 
flame more in the axis of the kiln than can be done in kilns with- 
out them. The action of the flame is thus more uiiiformry*feli 
through the mass of stone above the top of the dome, while that 
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of the radiated heat upon the stone around the dorne, is also more 
uniform. 

66. M. Petot States, that the height of the mass of stone above 
the top of the dorne should not be greater than from ten to thir- 
teen feet, depending on the more or less compact texture of the 
stone, and the more or less ease with which it vitrifies. He pro- 
poses to use kilns with two stories, (Fig. 3,) for the purpose 




Fig. 3 repreBents a vertical Bection 
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of economizing the fuel, by using the heat which passes off from 
the top o{ the lower story, and would otherwise be lost, to heat 
the stone in the upper story ; this story being arranged with a 
side-door, to introduce fuel under its dome of broken stone, and 
complete the calcination when that of the stone in the lower 
story is finished. 

M, Petot gives the foUowing general directions for regulating 
the relative dimensions of the parts of the kiln. The greatest 
horizontal section of the kiln is placed rather below the top of the 
dome of broken stone ; the diameter of this section being 1 .82, the 
diameter of the grate. The height of the dome above the grate 
is from 3 to 6 feet, according to the quantity of fuel to be con- 
sumed hourly. The bottom of the kiln, on which the piers of the 
dome rest, is from 4 to 6 inches above the top of the grate ; the 
diameter of the kiln at this point being about 2 feet 9 inches 
greater than that of the grate. The diameter of the horizontal 
section at top is 0.63, the diameter of the greatest horizontal sec- 
tion. The horizontal sections of the kiln diminish from the section 
near the top of the dome to the top and bottom of the kiln ; the 
sides of the kiln receiving tho, form shown in Fig. 3 : the object 
of contracting the kiln towards the bottom being to allow the stone 
near the bottom of the kiln to be thoroughly bumed by the radiated 
heat. The grate is formed of cast-iron bars of the usual form ; 

4 
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die area of the Spaces between Üie bars being one fourth the total 
area of the grate. The bottom of the ash-pit, which may be aa 
the sanie level as the exterior ground, is placed 18 inches below 
the grate ; and at the entrance to the ash-pit is placed a reservoir 
forwater, about 18 inches in depth, to fumish an aqueous cur- 
rent. The draft through the grate is regulated by a lateral air^ 
diaimel to the ash-pit, which can be total^ or partially shut by a 
Talve ; the area of the cross section of this Channel is one tenth 
the total area of the grate. A Square opening 16 inches wide, 
the bottom of which is on a level with die bottom of the kihi, 
leads to the dorne for the supply of die fuel. This opening is 
closed with a fire-proof and air-tight door. 

In arrai^ng a kibi with two stories, M. Petot states, that die 
grates of the upper story are so soon destroyed by the heat, that 
it is better to suppress them, and to place the fuel for completing 
the calcination of the stone of this story, on die top of the bumt 
sUme of the lower story. 

67.^ Slaking Lime. Quick-lime may be slaked in three dif- 
ferent ways. By pouring sufficient water on the bumt stone to 
Gonvert the slaked Ume into a thin paste, which is termed drown* 
ing the lime. By placing the bumt stone in a basket, and im- 
mersing it for a lew seconds in water, during which time it will 
imbibe enou^h water to cause it to fall, by slaking, into a dry 
powder ; or by sprinkling the bumt stone with a sufficient quan- 
tity of water to produce the same effect. By allowing *the stone 
to slake spontaneously, firom the moisture it imbibes from the 
atmosphere, which is termed air-slaking. 

68. Opinion seems to be setded among engineers, that drown- 
ing is the worst method of slaking lime which is to be used for 
mortars. When properly done, however, it produces a finer paste 
dian either of the other methods ; and it may therefore be resorted 
to whenever a paste of this character, or a whitewash is wanted. 
Some care, however, is requisite to produce this result. The 
stone should be firesh firom the kiln, odierwise it is apt to slake 
into lumps or fine grit. All the water used should be poured 
over the stone at once, which should be arranged in a basin or 
vessel, so that the water surrounding it may be gradually imbibed 
as the slaking ptoceeds. If fresh water be added during the slak- 
ing, it checks the process, and causes a gritty paste to form. 

69. In slaking oy immersion, or by sprinkling with water, die 
stone should be reduced to small-sized fragments, otherwise the 
slakinff will not proceed uniformly. The fat limes should be in 
lumps? about die size of a wal^ul, for immei^ion ; and, when 
withdrawn firom the water, should be placed immediately in bins, 
or be covered widi sand, to confina the heat and vapor. If lefi 
eiposed to the air, the lime becomes chilled and separates into a 
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teoäorse grit, which takes Bome time to slake thorouglilj» when 
more water is added. Sprinkling the lime is a möre convenient 
pix)ce98 dian Immersion, and is eqUally good. To «ffect the slak- 
ing in this way, the dtone should be broken into fragments of a 
suitable size, which experiment will determine, and be placed in 
smdl heaps, surromided'by sufficient sand to coyer them up when 
the slaking is nearly completed. The stone is then sprinkled 
with about one fourtn its bulk of water, poured through the rose 
of a watering-pot, tfaose lumps which seem to slake most slug- 
gishly receiving äie most water ; when the process se^ns com- 
pleted, the heap is carefuUy corered over with the sand, and 
allow^ to remam a day or two before it is used. 

70. Slaking either by immersion or by sprinkling is considered 
the best. The qnantity of water imbibed by lime when slaked 
by inmiersion, varies with the nature of the lime ; 100 parts of 
fat lime will take up only 18 parts of water ; and the same quan- 
tity of meager lime will imbibe from 20 to 35 parts. One Toimne, 
in powder, of the bumt stone of rieh lime yields from 1.50 to 
1.70 in Tolume of powder of slaked lime ; while one rolume 
of meager lime, mider like circumstances, will yield from 1.80 to 
2.18 in Yolmne of slaked lime. 

71. Quick lime, when exposed to the free action of the air in 
Br dry locality, slakes slowly, by imbibing moisture from the at- 
mosphere, with a slight disensagem^nt of heat. Opinion seems 
to be divided wjith regard to the effect of this method of slaking 
on fat limes. Some assert, that the mortar made from them is 
better than diat obtained from any other process, and attribute 
this result to the re-cönversion of a portion of the slaked lime into 
a carbonate ; others State the reyerse to obtain, and assign the 
same cause for it. With regard to hydraulic limes, all agree that 
they are greatly injured by air-slaking. 

72. Air-slaked tat limes increase two fifths in weight, and for 
one yolume of quick lime yiekL 3.52 yolumes of slaked lime. The 
meager limes increase one eighth in weight, and for one yolume 
of quick lime yield from 1.75 to 2.25 yolumes of slaked lime. 

73. The dry hydrates of lime, when exposed to the atmosphere» 
gmdually absorb carbonic acid and water. This process pro- 
ceeds yery slowly, and the slaked lime neyer regains all the car- 
bonic acid which is driyen off by the calcination of the lime-*8tone. 
When conyerted into a thick paste, and exposed to the air, the 
hydrates gradually absorb carbonic acid ; this action first takes 
place on the sürface, and proceeds more slowly from year to 
year towards the interior of the exposed mass. The absorption 
of gas proceeds more rapidly in the meager than in the fat lunes. 
Those hydrates which are most thoroughly slaked become hard- 
est. The hydrates of the pure fat limes become in time yeij 
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hard, while those of the hydraulic limes become only moderately 
hard. 

74. The fat limes, when slaked hy drownin^, may be pre- 
servod for a long period in the State ot paste, ifjplaced in a damp 
Situation and kept from contact with the air. They may also be 
preserved for a long time without change, when slaked by im» 
mersion to a dry powder, if placed in covered vessels. Hydraulic 
limes, under similar circumstances, will haiden if kept in me State 
of paste, and will deteriorate when in powder, unless kept in 
penectiy air-tight vessels. 

75. The hydrates of fat lime, from air*slaking or immersion, 
require a smailer quantity of water to reduce them to the State of 
paste than the others ; but, when immersed in water, they grad- 
ually imbibe their füll dose of water, the paste becoming tnicker, 
but remaining unchanged in volume. Exposed in this way, the 
water will in time dissolve out all the lime of the hydrate which 
has not been re-converted into a sub-carbonate, by the absorption 
of carbonic acid before immersion ; and if the water contain car- 
bonic acid, it will also dissolve the carbonated portions. 

76. The hydrates of hydraulic lime, when immersed in water 
in the State oi thin pastes, reject a portion of the water from the 
paste, and become hard in time ; ii the paste be very stiff, they 
imbibe more water, set quickly, and acquire greater nardness in 
time than the soft pastes. The pastes of the hydrates of hydrau- 
lic lime, which have hardenecl in the air, will retain their hardness 
when placed in water. 

77. The pastes of the fat limes shrink very unequally in drying, 
and the shnnkage increases with the purity of the lime ; on this 
account it is difficult to apjdy them alone to any building purposes, 
except in very thin layers. The pastes of me hydraulic limes 
can only be used with advantage under water, or where they are 
constantly e:n)08ed to humidity ; and in these situations they are 
uever used alone, as they are found to succeed as well, and to 
present more economy, when mixed with a portion of sand. 

78. Manner of Reducing Hydraulic Cement, As the cement 
stones will not slake, they must be reduced to a fine powder by 
some mechanical process, before they can be converted into a 
hydrate. The methods usually employed for this purpose con- 
sist in first breakinff the bumt stone into small fra^ents, either 
under iron cylinders, or in mills suitably formed for this pur- 
pose, which are next ground between a pair of stones, or eise 
crushed by an iron rollen The coarser particles are separated 
from the fine powder by the ordinary processes with sieves. The 
powder is then carefiilly packed in air-tight casks, and kept for use. 

79. Hydraulic cement, hke hydraulic lime, deteriorates by 
exposure to the air, and may in time lose all its hydraulic prop- 
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erties. On this account it should be used when firesh from the 
kiln ; for, however carefidly packed, it cannot be well preseired 
when transported to any distance. 

80. The deterioration of hydraulic cements, from exposure to 
the air, arises, probably, from a chemical disunion between the 
constituent elements of the bumt stone, occasioned by the ab- 
sorption of water and carbonic acid: When injured, their energy 
can be restored by submitting them to a much slighter degree of 
heat than that which is requisite to calcine the stone suitably in 
the first instance. From the experiments of M. Petot, it appears 
that a red heat, kept up for a short period, is sufficient to restore 
damaged hydraulic cements. 

81. Artißcial Hydraulic Limes and Cements, The discovery 
of the argillaceous character of the stones which yield hydrauUc 
limes and cements, connected with the fact that brick reauced to 
a fine powder, as well as several substances of volcanic origin 
having nearly the same constituent elements as ordinary brick, 
when mixed in suitable proportions with common lime, will yield 
a paste that hardens under water, has led, within a recent period, 
to artificial methods of producing Compounds possessing the prop- 
erties of natural hydraulic lime-stones. 

82. M. Vicat was the first to point out the method of forming 
an artificial hydraulic lime, by mixing common lime and imbumt 
cla^, in suitable proportions, and then calcining them. The ex- 
periments of M. Vicat have been repeated by several eminent 
engineers with complete success, and among others by General 
Pasley, who, in a recent work by him, Observations on Limes, 
Calcareous Cements, &c., has given, with minute detail, tke results 
of his eroeriments ; from which it appears that an hydrauUc ce- 
ment, friUy equal in quality to that obtained from natural stones, 
can be made by mixing common lime, either in the State of a 
carbonate or of a hydrate, with clay, and subjecting the mixture 
to a suitable degree of heat. In some parts of France, where 
chalk is found abundantly, the preparation of artificial hydraulic 
lime has become a brancn of manufacture. 

83. Different methods have been pursued in preparing this 
material, the main object being to secure the finest mechanical 
division of the two ingredients, and their thorough mixture. For 
this purpose the lime-stone, if soft Uke chalk or tufa, may be re- 
duced in a wash-mill, or a roUing-mill, to the State of a soft pulp ; 
it is then incorporated with the clay, by passing them through a 
pug-mill. The mixture is next naoulded into small blocks, or 
made up into balls between 2 and 3 inches diameter, by band, 
and weD dried. The balls are placed in a kiln, — suitably calcined, 
and are finally slaked, or ground down fine for use. 

84. If the lime-stone be hard, it must be calcined and slaked 
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in the usual manner, before it can be mized with the clay. The 
process for mixing the ingredients, their calcinatioo, and faither 
preparation for use, are the same as in the preceding case. 

85. Artificial hydraulic lime, prepared from the hard lime- 
stones, is more expensive than that made firom the soft ; but it is 
stated to be supenor in quality to the latter. 

86. As clays are seldom free from carbonate of lime> and as 
the lime-stones which yield common or fat lime may contain some 
portion of clay, the proper proportions of the two ingredients, to 

Eroduce either an hydraulic lime or a cement, must be det^rmined 
y experiment in each case, guided by a previous analysis of the 
two ingredients to be tried. 

If the lime be pure, and the clay be free from lime, then the 
combinations in the proportions given in the table of M. Petot will 

g've, by calcination, like results with the same proportions when 
und naturally combined. 

87. PuzzotanOy &c. The practice of usinff brick or tile-dust, 
or a Tolcanic substance known by the name of puzzolana, mized 
with common lime, to form an hydraulic lime, was known to the 
Romans, by whom mortars composed of these materials were 
extensively used in their hydraulic constructions. This practice 
has been more or less foUowed by modern engineers, who, until 
within a few years, either used the puzzolana of Italy, where it 
is obtained near Mount Yesuvius, in a pulverulent State, or a ma- 
terial termed Trass, manufactured in Holland, by grinding to a fine 
powder a volcanic stone obtained near Andernach on the Rhine. 

Eroeriments by seyeral eminent chemists have extended the 
list of natural substances which, when properly bumt and reduced 
to powder, have the same properties as puzzolana. They mostly 
belong to the feldspathic and schistose rocks, and are either fine 
sand, or clays m(»re or less indurated. 

Thefollowins Table gives the results ofanalyses of Puzzolana^ 
TrasSy a Sasalt, and a Schistus, which^ when bumt andpow- 
deredy werefound to possess the properties of puzzolana. 
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88. All of these substances, when prepared artificially, are now 
generally known by the name of arttficial.fuzzolanas^ in contra- 
distinction to those which occur naturally. 

89. General Treussart, of the French Corps of Military En^- 
neers, first attempted a systematic investigation of the properties 
of artificiaT puzzolanas made from ordinary clay, and o( the best 
manner of preparing them on a large scale. It appears from the 
results of ms eiq)eriment8, that the plastic clays used for tiles, or 
pottery, which are unctuous to the touch, the alimiina in them 
being in the proportion of one fifth to one third of the silica, fur- 
nish the best artificial puzzolanas when suitably bumed. The 
clays which are more meager, and harsher to the touch, yield an 
inferior article, but are in some cases preferable, from the greater 
ease with which they can be reduced to a powder. 

90. As the clays mostly contain lime, magnesia, some of the 
metallic oxides, and alkaline salts, General Treussart endeavored 
to ascertain the influence of these substances upon the qualities of 
the artificial puzzolanas from clays in which they are found. He 
States, that the carbonate of potash and the muriate of soda seem 
to act beneficially ; that magnesia seems to be passive, as well 
as the oxide of iron, except when the latter is foimd in a large 
proportion, when it acts hurtfully ; and that the lime has a mate- 
rial influence on the degree of heat required to convert the clay 
into a good artificial puzzolana. 

91. The management of the heat, in the preparation of this 
material, seems of the first consequence ; and General Treussart 
recommends that direct experiment be resorted to, as the most 
certain means of ascertaining the proper point. For this purpose, 
specimens of the clay to be tried may be kneaded into baüs as 
large as an egg, and tne balls, when dry, be submitted to düTerent 
degrees of heat in a kiln, or frumace, through which a current of 
air must pass over the balls, as this last circumstance is essential 
to secure a material possessing the best hydraulic qualities. Some 
of the balls are withdrawn as soon as their color indicates that 
they are imderbumt ; others when they have the appearance of 
well-bumt brick ; and others when their color shows that they 
are overbumt, but before they become vitrified. The bumt balls 
are reduced to an impalpable powder, and this is mixed with a 
hydrate of fat lime, in the proportion of two parts of the powder 
to one of lime in paste. Water is added, if necessary, to bring 
the dififerent mixtures to the consistence of a thick pulp; and they 
are separately placed in glass vessels, covered with water, and 
allowed to remain until they harden. The Compound which 
hardens most promptly will indicate the most suitable degree of 
heat to be applied. 

92. As tne carbonates of Ume, of potash, and of soda, act as 
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fluxes on silica, the presence of either one of them will modify 
the degree of heat necessary to convert the clay into a good natu- 
ral puzzolana. Clav, containing about one tenth of lime, ahould 
be brought to about tne State of süghtly-bumt brick. The ochreous 
clays require a higher degree of heat to convert them into a good 
material, and should be bumt until they assume the appearance 
of well-biimt brick. The more refractory clays will bear a still 
higher degree of heat ; but the calcination should in no case be 
carried to the point of incipient vitrification. 

93. The quantity of lime contained in the clay can be readily 
ascertained beforehand, by treating a small portion of the clay» 
difiused in water, with enough muriatic acid to dissolve out the 
lime ; and this last might serve as a guide in the preliminary 
stages of the experiments. 

94. General Treussart states, as the results of his experiments, 
that the mixture of artificial puzzolana and fat lime forms an hy- 
draulic paste superior in quahty to that obtained by M. Yicat's 
process for making artificial bydraulic lime. M. Curtois, a French 
civil engineer, in a memoir on these artificial Compounds, pub- 
Ushed in the Annales des Ponts et C/iaussSeSy 1834, and General 
Pasley, more recently, adopt the conclusion of General Treussart. 
M. Yicat's process appears best adapted when chalk, or any yery 
soft lime-stone, whicn can be readily converted to a soft pulp, is 
ased, as ofiferin^ more economy, and afifording an hydrauUc lime 
which is sufiiciently streng for most building purposes. By it 
General Pasley has succeeded in obtaining an i^tificial hydraulic 
cement, which is but little, if at all, inferior to the best natural 
varieties ; a result which has not been obtained firom any com- 
bination of fat lime with puzzolana, whether natural, or aruficial. 

95. All the puzzolanas possess the important property of not 
deteriorating by exposure to the air, which is not the case with 
any of the hydraulic limes, or cements. This property may ren- 
der them yery serviceable in many locaUties, where only common, 
or feebly hydraulic Ume can be obtained. 

MORTAR. 

96. Mortar is any mixture of lime in paste with sand. It may 
be divided into two principal classes ; Hydraulic mortar, which is 
made of hydraulic lime, and Common mx>rtar, made of common 
lime. 

97. The term Graut is applied to any mortar in a thin or fluid 
State ; and the terms Concrete and Beton, to mortars incorporated 
witli gravel and small fragments of stone or brick. 

98. Mortar is used for various purposes in building. It serves 
as a cement to unite blocks of stone, or brick. In concrete and 
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betoQ, which may be regaided as artißcial conglomerate stoneSf 
it forms the matrix by which the gravel and broken stone are 
held together ; and it is the principal material with which the ex- 
terior surfaces of walls and the interior of edüices are coated. 

99. The quality of mortars, whether used fox structures ex- 
posed to the weatner, or fox those inunersed in water, will depend 
upon the nature of the materials used ;— their proportion ; — the 
manner in which the lime has been converted into a paste to re- 
ceive the sand ; — ^and the mode employed to mix the ingredients. 
Upon all of these points experiment is the only unernng guide for 
the engineer ; for the great diversity in the constituent elements 
of lime-atonea, as well as in the other ingredients of mortars, must 
neceasarily alone give rise to diversities in results ; and when, to 
these causes of Variation, axe supexadded those resulting from 
diiferent processe^ puxsued in the manipulations of slaking the 
lime and mixing the ingredients, no surprise should be feit at the 
seemingly opposite conclusions at which writers, who have pur- 
sued the »subject experimentally, have arrived. From the great 
mass of facts, however, presented on this subject within a few 
yeara> some general rules niay be laid down, which the engineer 
may safely icXkWj in the absence of the means of making direct 
experiments. 

100. Sand. This niaterial, which forms one of the ingredients 
of mortar, is the granulär product arising from the disintegration 
of rocks. It may, therefore, like the rocks from which it is de- 
rived, be divided into three principal varieties — ^the silicipus, the 

CcltI Z^N'fcalcareous, and the argillaceous.iCtaij) ^^ '"' 

Sand is also named from the locality where it is obtained, as 
pit'Sandy which is proci;Lred from excavations in alluvial, or other 
deposites of disintegrated rock ; river-sand and seorsandj which 
are taken from the shores of the sea, or rivers. 

Builders again classify sand according to the size of the grain« 
The term coarse sand is applied when the grain varies between 
|th and tV^ ^^ ^^ üich in diameter ; the term^ne sandy when 
die grain is between tV^'s^<1 tt^^ of an inch in diameter ; and 
the term mixed sand is used for any mixture of the two prece- 
ding kinds. 

101. The silicious sands, arising firom the quartzose rocks, are 
the most abundant, and are usually preferred by builders. The 
calcareous sands, from hard calcareous rocks, axe moxe xaxe, but 
form a good ingredient for mortar. Some of the axgiUaceous sands 
possess the properties of the less enereetic puzzolanas, and are 
therefore very valuable, as forming, wim common lime, an arti- 
ficidl hydraulic lime. 

102. The property which some argillaceous sands possess, of 
forming with common, or slightly hydraulic lime a Compound which 

5 
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will harden under water, has been long koown in France, where 

these sands are termed arines, The sande of this' nature are 

usually found in hillocks along river Valleys. These hillocks 

I sometimes rest on calcareous rocks, or argillaceous tufas, and are 

frequently formed of altemate beds of the sand and pebbles. The 
sand is of various colors, such as yellow, red, and green, and 
seems to have been formed from tne disintegration of clay in a 
more or less indurated State. The arenes are not as energetic as 
either natural or artificial puzzolanas ; still they form, wim com- 
mon Ume, an excellent mortar for masonry exposed either to the 
open air, or to hmnid localities, as the foundations of edifices. 

103. Pit-sand has a rougher and more angular erain than river 
or sea sand ; and, on this account, is generally preferred by build- 
ers for mortar used for brick, or stone-work. Whether it forms a 
strenger mortar than the other two is not positively settled, al- 
though some experiments would lead to the conclusion that it 
does. 

104. River and sea sand are by some preferred for plastering, 
because they are whiter, and have a finer and more miiionn grain 
than pit sand ; but as the sands from the shores of tidal waters 
contam salts, they should not be used, owing to their hygrometric 
properties, before the salts are dissolved out in fresn water by 
careful washing. 

105. Pit-sand is seldom obtained free from a mixture of dirt, 
or clay ; and these, when found in any notable quantity in it, give 
a weak and bad mortar. Earthy sands should, therefore, be 
cleansed from dirt before using them for mortar ; this may be 
efFected by washing the sand in shallow vats, and allowing the 
turbid water, in wmch the clay, dust, and other like impurities 
are held in Suspension, to run off. 

106. Sand, when pure or well cleansed, may be known by not 
soiling the fingers wnen rubbed between them. 

107. Hydraulic mortar, This material may be made from 
the natural hydraulic limes ; from those which are prepared by 
M. Vicat's process ; or from a mixture of common, or feebly hy- 
draulic lime, with a natural or artificial puzzolana. All writers, 
however, agree that it is better to use a natural than an artificial 
hydrauUc lime, when the former can be readily procured. 

108. When the lime used is strongly hycfraulic, M. Vicat is 
of opinion that sand alone should be used with it, to form a good 

r hydraulic mortar. General Treussart has drawn the conclusion, 

from his experiments, that the mortar of all hydrauHc limes is 
improved by an addition of a natural or artificial puzzolana. The 
quantity of sand used may vary from IJ to 2 parts of Öie lime, 
in bulk, when reduced to a thick pulp. 

109. For hydraulic mortars, made of common, feeble, or or- 
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<finary liydraulic limes, and artificial puztolana, M. Vicat stat6s 
that the puzzolana should be the weaker as the lime is more 
strohgly nydraulic ; using, for example, a very energetic puzzo- 
lana with a fat, or a feebly hydraulic lime. The propörtion of 
sand which can be incorporated with these ingredients, to fortn an 
hydraidic mortar, is stated by General Treussart tq be one völ- 
ume to one of puzzolana, and one of lime in paste. 

110. In proportioning the ingredients, the object t© which the 
mortar is to be applied should be regarded. When it is to serve 
to unite stone, or brick Work, it is better that the hydraulic lime 
should be rather in excess ; when it is used as a matrix for beton, 
no more lime should be used than is strictly required. No hann 
will arise from an excess of good hydraulic lime, in any case ; but 
an excess of common lime is injurious to the qudity of the mortar. 

111. Common and ordinary hydraulic limes, when made into 
mortar with arenes, give a good material for hydraulic purposes. 
The proportions in which these have been found to succeed well, 
are one of lime to three of ardnes, 

112. Hydraulic cement, from the promptitude with which it 
hardens, both in the air and xmder water, is an invaluable mate- 
rial where this property is essential. Any dose of sand injures 
its properties as a cement. But hydraulic cement may be added 
with decided advantage to a mortar of common, or of feebly hy- 
drauUc lime and sand. It is in this way that it is generallv used 
in our pubUc works. The French engineers give the preference 
to a good hydraulic mortar over hydraulic cement, both for uniting 
stone, or brick work, and for plastering. They find, from their 
pr^ctice, that when used as a stucco, it does not withstand well 
the eifects of weather ; that it swells and cracks in time ; and, 
when laid on in successive coats, that they become detached from 
each other. 

General Pasley, who has paid great attention to the properties 
of natural and artificial hydrauUc cements, does not agree with 
the French engineers in his conclusions. He states that, when 
skiUully applied, hydrauüc cement is superior to any hydraulic 
mortar for masonry, but that it must be used only in thin joints ; 
and, when applied as a stucco, that it should be laid on in but one 
coat ; or, if it be laid on in two, the secohd must be added long 
before the first has set, so that, in fact, the two make but one 
coat. By attending to these precautions, General Pasley states 
that a stucco of hydraulic cement and sand will withstand per- 
fectly the effects oi frost. 

113. Mortars exposed to weather. The French engineers, 
who have paid ereat attention to the sübject of mortars, coincide 
in the opinion, that a mortai* cannot be made of fat lime and any 
inert sands, üke those of the sihcious, or calcareous kinds, which 
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will withstand the oqiinary exposure of weatner ; and that, lo 
obtain a good mortar for this purpose, eidier the hydraulic limea 
mixed with sand must be employed, or eise common lime mixed 
either mth ar^nes^ or with a puzzolana and sand. 

114. Any pure sand mixed in proper proportions with hydraulic 
lime, will give a good mortar for the open air ; but the hardness 
of the mortar wilfbe affected by the size of the grain, particularly 
when hydraulic lime is used. Fine sand yields the oest mortar 
with good hydraulic lime ; mixed sand ¥dtn the feebly hydraulic 
limes ; and coarse sand with fat lime. 

115. The Proportion which the lime should bear to the sand 
seems to depend, in some measure, on the manner in which the 
lime is slaked. M. Yicat states, that the strength of mortar made 
of a stiff paste of fat lime, slaked in the ordinary wav» increases 
firom 0.50 to 2.40 to one of the paste in volume ; and that, when 
the lime is slaked by immersion, one volume of die like paste will 
give a mortar that increaseq^in strength firom 0.50 to 2.20 parts 
of sand. 

For one volume of a paste of hydraulic lime, slaked in the or- 
.dinary way, the strenfftn of the mortar increases from ta^l.80 
parts of sand ; and, when slaked by immersion, the mortar of a 
uke paste increases in strength firom to 1.70 parts of lime. In 
every case, when the dose of sand was increased beyond these 

Sroportions, the strength of the resulting mortar was found to 
ecrease. 

116. Manipulations of Mortar, The quality of hydraulic mor- 
tar, which is to be immersed in water, is more anected by the 
manner in which the lime is slaked, and the incredients mixed, 
than that of mortar which is to be exposed to Sie weather ; al- 
though in both cases the increase of strength, by the best manipu- 
lations, is sufficient to make a study of mem a matter of some 
cönsequence. 

117. The results obtained from the ordinary method of slak- 
ii^g> by sprinkling, or by immersion, in the case of good hydraulic 
limes, are nearly the same, Spontaneous, or air-slaking, gives 
invariably the worst results. For common and slightly hydraulic 
lime, M. Yicat states that air-slaking yields the best results, and 
ordinary slaking the worst. 

118. The ingredients of mortar are incorporated either by 
manual labor, or by machinery : the latter method gives results 
superior to the former. The machines commonly used for mix- 
ing mortar are either the ordinary pug-mill (Fig. 4) employed by 
brickmakers for temperine clay, or a ffrinding-mill, (Fig. 5.) 
The grinding-mill is the best machine, because it not oiuy re- 
duces the lumps, which are found in the most carefiiUy oumt 
stone, after the slaking is apparently complete, but it brings the 



f* 






« ' I 



**r 



• *. » 



• 



• 



.4 



HORTAR. 



37 



lime to the State of a uniform stiff paste, which it'ghoiJd receite 
before the sand ig incorporated with it. Care should be takfen 
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axjfl of & pug-mUl, for mizing or 
tempering moitar.— This mifi connsts 



of a hooped TVtsel, of 1% form of a co- 
nical fruBtum, which receivw the in* 
gredifeiitB, and a r^tical shaft, to which 
anns with toeth, ranmhlinc aa^onü- 
nary rake, are attached, for Oie purpose 
of mixin^ the ingredienta. 

A, A, lection of aides of the Teflsel. 

B, Teitical ahaft to which the aniMi C are 
affized. 

D, horizontal bar for giving a circular mo- 

tion to the ahaft B. 
£, flUlB of timber rapporting the miU. 
F, WTOOght-iion rapport throiigh which 

tfae Upper pait of UM ihaft 




not to add too much water, partipiilarly when the mortar is to be 
immersed in water. Th^ mortar-mi]}, on this account, should be 
sheltered firom rain ; and the quantity of water with which it is 

Fig. 5 repreaenfB a part of a mfll for cmahing the 
fime and tonweriny the moitar. 

A, heavy wheel of tunber, or cast Iran. 

B, horizontal bar paaring mnmgh the wheel, which 
at one extremity ia fixed to a vertical ahaft, and 
is arraiM^ at the other (C) with the proper gear- 
ing for a hone. 

D, a circular trough, with a tranezoidal croas aee- 
tion which leceiTea the ingrementB to be mind« 
The trough maybe fitom 90 to30 feet in diameter ; 
abont 18 mchea wide at top, and IS inchea deep ; 
and be bnilt of haid biick, atone, ot timber laid on 
a ßnn. foundation. 

sunplied may Tary with tfae State of the weather. Nothing seems 
tobe gained by carrying the prooess of mixing, beyond obtaininfl^ 
a uniiann masg of the consistence of plastic clav. Mortars of 
hydraulic lime are injured by long exposure to the air, and fr^ 
quent tumings and mixings with a snovel or spade ; those of 
common lime, under like circumstances, seem to be.improved. 
Mortar, which has been set aside for a day or two, will become 
sensibly firmer ; if not allowed to stand too long, it may be again 
reduced to its clayey consistence, by simply pounding it with a 
beetle, without any fresh addition of water. 

119. Setting and Durability of Mortars, Mortar of common 
lime, without any addition of puzzolana, will not set in humid 
situations, like the foundations of edifices, until after a very long 
lapse of time. They set very soon when exposed to the air, or 
to an atmosphere of carbonic acid gas. If, after having become 
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hard in the open air, tliey are placed under water, they in time 
lose their cohesion and fall to pieces. 

120. Common mortars, which have had time to harden, resist 
the action of severe frosts very well, if thfey are made rather poor^ 
or with an ezcess of sand. The sand should be over 2.40 parts, 
in bulk, to one Tolume of the lime in paste ; and coarse sand is 
found to give better results than fine sand. 

121. G«0d hydraulic mortars set eoually well in damp situa- 
tions, and in the open air ; and those which have hardened in the 
air virill retain their hardness when immersed in water. They 
also resist weil the action of frost, if they have had time to set 
before ezposure to it ; but, like common mortars, they require to 
be made with an excess of sand, to withstand well atmospheric 
changes. 

122. The surface of a mass of hydraulic mortar, whether made 
of a natural hydraulic Ume or otherwise, when inomersed in water, 
becomes more or less degraded by the action of the water upon the 
lime, particularly in a current. When the water is stagnant, a 
very tnin crust of carbonate of lime forms on the surface of the 
mass, owing to the absorption by the lime of the carbonic acid 
gas in the water. This crust, if the water be not agitated, will 
preserve the soft mortar beneath it from the ÜBürther action of the 
water, until it has had time to become hard, when the water will 
no longer act upon the lime in any perceptible degree. 

123. Hydraulic mortars set with more or less promptness, ac- 
cording to the character of the hydraulic lime, or of the puzzolana 
which enters into their composition. Artificial hydraulic mortars, 
with an excess of lime, set more slowly than when the lime is in 
a just Proportion to the other ingredients. 

124. The quick-setting hydraulic limes are said to fiimish a 
mortar which, in time, acquires neither as much strength nor 
hardness as that from the slower-setting hydraulic limes. Ar- 
tificial hydraulic mortars, on the contrary, which set quickly, 
gain, in time, more strength and hardness than those which set 
slowly. 

125. The time in which hydraulic mortars, inmiersed in water, 
attain their greatest hardness, is not well ascertained. Mortars 
made of streng hydraulic limes do not show any appreciable in- 
crease of hardness after the second year of their immersion ; white 
the best artificial hydraulic mortars continue to harden, in a sen- 
sible degree, during the third year after their immersion. 

126. Theory of Mortars, The paste of a hydrate, either of 
common or of hydraulic lime, when exposed to the air, absorbs 
carbonic acid gas from it ; passes to the State of sub-carbon^te of 
lime ; without, however, rejecting the water of the hydrate, and 
gradually hardens. The time required fof the complete satura- 
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tion of the mass exposed, will depend on its bulk. The absorp- 
tion of the gas commences at. me surface and proceeds moie 
slowly towaids the centre. The haidening of mortars exposed 
tp the atmosphere, is generally attributed to this absorption of the 
gas, as no cnemical action of lime upon quartzose sand, whkh is 
die usual kind employed for moitars, has hitherto been detected 
by the most carefui ezperiments. 

127. With regaid to hydraulic mortars, it is difficuUto account 
for their hardening, except upon the efTect which the Silicate of 
lime may have upon the excess of simple hydrate of uncombined 
lime contained in the mass. M. Petot supposes, that the parti- 
cles of siUcate of lime form so many centres, around which the 
uncombined hydrates group themselves in a ciystalline form; 
becominc thus sufficiently nard to resist the solvent action of 
water. With respect to the action of quartzose sand in hydrauUc 
mortars, M. Petot thinks that the grains produce the same me- 
chanical effect as the particles of the Silicate of lime, in inducing 
the aggregation of the uncombined hydrate. 

128. Concrete. This term is applied,^by English architects 
and engineers, ^o a mortar of finely-pulverized quick-lime, sand, 
and gravel. These materials are first thoroughly mixed in a dry 
State, sufficient water is added to bring the mass to the ordinary 
consistence of mortar, and it is th^i rapidly worked up by a 
shovel, or eise passed through a pug-mill. The concreto is used 
immediately after the materials are well incorporated, and while 
the mass is hot. 

129. The materials for concreto are compounded in various 
proportions. The most approved are those in which the lime 
and sand are in the proper proportions to form a good mortar, 
and the gravel is twice the bulk of the sand. The cravel used 
should be clean, and any pebbles contained in it larger than 
an egg, should be broken up before the materials are incorpo- 
rated. 

130. Hot water has in some cases been used in making con- 
crete. It causes the mass to set more rapidly, but is not other» 
wise of any advantage. 

131 . The bulk of a mass of concreto, when first made, is found 
to be about one fifth less than the total bulk of the dry materials. 
But, as the lime slakes, the mass of concreto is found to expand 
about three eighths of an inch in height, for every foot of the mass 
in depth. 

132. The use of concreto is at present mostly restricted to 
forming a solid bed, in bad soils, for the foundations of edifices. 
It has also been used to form blocks of artificial stone, for the 
walls of buildings and other like purposes ; but experience has 
shovm, that it possesses neither the durability nor strength requi- 
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rite for Btroctures of a permanent chaiacter, when erpooed to the 
action of water, or of the weather. 

133. Beton. The terin beton is applied, by French engineers, 
to any mixtuie of hydraulic mortaf wiui fragments of brick, stone, 
or gravel ; and it is now also used by English engineers in the 
same sense. 

134. The proportions of the ingredients used for beton are ya« 
riously stated by different authors. The sole object for which 
the gravel, or the broken stone is used, beinff to obtain a more 
economical material than a like mass of hycbraulic mortar alooe 
would yield, the quantity of broken stone should be as great as 
<pan be thorouj? hly united by the mortar. The smallest amount of 
mortar, therefore, that can be used for this puipose, will be that 
which will be just equal in volume to the void Spaces in any given 
bulk of the broken stone, or gravel. The proportion which the 
volume occupied by the void Spaces bears to any bulk of a loose 
material, like broken stone, or gravel, may be readily ascertained 
by Alling a vessel of known capacity with the loose material, and 
pourin^ in as much water as the vessel vrill contain. The vol- 
ume of water thus found, will be the same as that of the void 
Spaces. 

135. Beton made of mortar and broken stone, in which the 
proportions of the ingredients were ascertained by the process 
just detailed, has been found to ^ve satisfactoiy results ; but, in 
Order to obviate any defect arising from imperfect manipulation, 
it is usual to add an excess of mortar above that of the void 
Spaces. 

The best and most economical beton is made of a mixture of 
broken stone, or brick, in fragments not larger than a hen's egg, 
and of coarse and fine gravel mixed in suitable proportions. 

136. In making beton, the mortar is first prepared, and then 
incorporated with the finer gravel ; the resulting mixture is spread 
out into a cake, 4 or 6 inches in tbickness, over which the coarser 

Savel and broken stone are uniformly strewed and pressed down, 
e whole mass being finally brought to a homogeneous State with 
the hoe and shovel. 

Beton is used for the same purposes as concrete, to which it 
is superior in every respect, but particularly so for foundations 
laid under water, or in humid localities. 

137. Adherence of Mortar. The force with which mortars in 
general adhere to other materials, depends on the nature of the 
material, its texture, and the State of the surface to which the 
mortar is applied. 

138. Mortar adheres most strongly to brick ; and more feebly 
to wood than to any other material. Among stones, its adhesioi» 
to lime-stone is generally greatest ; and to basaltand sand-stones, 
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least. Among stones of the same class, it adheres genierallT bet* 
ter to the porous and coarse-grained, than to the compact and 
fine-grained. Among surfaces, it adheres more strongly ta the 
rough than to the smooth. 

139. The adhesion of common mortar to brick and stone, for 
the first few years, is greater than the cdiesion of its own parti- 
cles. The force with which hydraulic cement adheres to the same 
materials, is less than that of the cohesion between its own parti- 
des ; and, from some recent experiments of Colonel Pasley, on 
this subject, it would seem that hydraulic cement adheres with 
nearly tne same force to polished surfaces of stone as to rough 
surfaces. 

140. From experiments made by Rondelet, on the adhesion of 
common mortar to stone, it appears that it required a force vafy- 
ing from 15 to 30 pounds on the Square inch, applied peipendicu- 
lar to the plane of the Joint, to separate the mortar and stone 
after six months union ; whereas, only d pounds to the Square 
inch was required to separate the same surfaces, when applied 
parallel to the plane of the Joint. 

From experiments made by Colonel Pasley, he concludes that 
the adhesive force of hydraulic cement to stone, may be taken as 
high as 125 pounds on the Square inch, when the joint has had 
time to harden throughout; but, he remarks, that as in large 
joints the exterior part of the Joint may have hardened while £e 
interior still remains soft, it ts not safe to estimate the adhesive 
force, in such cases, higher than from 30 to 40 pounds on the 
Square inch. 

MASTICa 

141. The term MasHc is generally applied to artificial or natu- 
ral combinations of bituminous or resinous substances with other 
ineredients. They are converted to vanous uses in constructions, 
either as cements lor other materials, or as coatings, to render them 
impervious to water. 

142. Bituminous Mastic. The knowledffe of this material 
dates back to an early period ; but it is oiuy within, compara- 
tively speaking, a few years that it has come into common use in 
Europe and this country. The most usual foim in which it is 
now employed, is a combination of mineral tar and powdered 
bituminous lime-stone. 

143. The localities of each of these substances arevery nu* 
merous ; but they are chiefly brought into the market from several 
places in Switzenand and Irance, where these minerals are found 
m great abundance ; the most noted being Yal-de-Trarers in 
Switzedand,' and Seyssel in France. 

144. The mineral tar is usually obtained by boiling in water a 

6 
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soft sand-stone, called by the French molasse^ which is strongly 
impregnated with the tar. In this process, the tar is disengaged 
and rises to the surface of the water, or adheres to the sides of 
the vessel, and the earthy matter remains at the bottom. An 
analysis of a rieh specimen of the Seyssel bituminous sand-stone 
gave the following resuits : — 

Bitamiooua oil . .086 ) n;.„^^ iaa 

Carbon . . . .020^'*"°^ . . .106 

Quartzy grains 690 

CalcareonB graine 204 

1.000 



145. The bituminous lime-stone which, when reduced to a 
powdered State, is mixed with the mineral tar, is known at the 
localities mentiöned by the name of asphaltum^ an appellation 
which is now usually given to the mastic. This limei^^stcme occurs 
in the secondary formations, and is found to cont«^ various pro- 
portions of bitumen, varying mostly from 3 to 15 per cent., with 
the other ordinary minerals, as argile, &c., which are met with 
in this formation. 

146. The bituminous mastic is prepared from these two mate- 
rials by heating the mineral tar in cast-iron or sheet-iron boilers, 
and stirring in the proper proportion of the powdered Ume- 
stone. This Operation, although yer^ simple in its kind, requires 
great attenliun and skill on the part of the workmen in managing 
the fire, as the mastic may be injured by too low, or too high a 
degree of heat. The best plan appears to £e, to apply a brisk 
fire until the boiling liquid commences to give out a thin whitish 
vapor. The fire is then moderated and kept at a uniform State, 
and the powdered stone is gradually added, and mixed in with the 
tar by stirring the two well together. When the temperature has 
been raised too hiffh, the heated mass gives out a yellowish or 
brownish vapor. In this State it should be stirred rapidly, and be 
removed at once firom the fire. 

147. The asphaltic stone may be reduced to powder, either by 
roasting it in vessels over a fire, or by grinding it down in the or- 
dinary mortar-mill. For roasting, tne stone is first reduced to 
firagments the size of an egg. These firagments are put into an. 
hon vessel ; heat is applied, and the stone is reduced to powder 
by stirring it and breaking it up with an iron instrument. This 
process is not only less economical than grinding, but the ma- 
terial loses a portion of its tar firom evaporation, besides being 
liable to injury firom too great a degree of heat. For grinding, 
the stone is first broken as for roasting. Care should be taken, 
during the process, to stir the mass firequently, otherwise it may 
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form into a cake. Cold dry weather is the best season for this 
Operation; the stone, however, should not be exposed to the 
weather. 

148. Owing to the variable quantity of raineral tar in bitumi- 
nous lime-stone, the best proportiond dt the tar and powdered stone 
for bituminous mastic, cannot be assigned beforehand. Thiee or 
four per cent. too much of tar, is said to impair both the durability 
and tenacity of the mastic ; while too small a quantity is equally 
prejadicial. Generally, firom eight to ten per cent. oi the tar, by 
weight, has been found to yield a favorable f esult. 

149. Mastics have been formed by mixing vegetable t«r, pitch, 
and other resinous stibstances, with litharge, powdered brick, 
powdered lime-stone, &c. ; but the results obtained have gener- 
ally been inferior to those from bituminous mastic. 

150. Mineral tar is more durable than vegetable tar, and on this 
account it has been used alone as a coating for other materials, 
but not with tlie same success as mastic. Employed in tlris way, 
the tar in time becomes dry and peels off; whereas, in the form 
of mastic, the hard matter with which it is mixed prevents the 
evaporation of the oily portion of the tar, and thus promotes its 
durability. 

151. The uses to which bituminous mastic is applied are daily 
increasing. It has been used for paving in a vanety of forms, 
either as a cement for large blocks of stone, or as the matrix of a 
concrete formed of small fragments of stone or gravel ; as a point- 
ing, it is found to be more serviceable, for some purposes, than 
hydraulic cement ; it fbrms one of the best water-tignt coatings 
for cistems, cellars, the cappings of arches, terraces, and other 
similar roofings now in use ; and is a good pres6rvative agent for 
wood work exposed to wet or damp. 

GLUE. 

152. The conmion animal glue is seldom used as a cement for 
any other purpose than for the work of the joiner. Although of 
considerabre tenacity, it is weak, brittle, and readily impaired b^ 
moisture. 

153. Within a few years back, a material termed marine glue, 
the invention of Mr. Jeffery of England, has attracted attention in 
England and France, in both which countries its qnalities as a 
cement, both for stone and wood, have been tested with the most 
satisfactory results. This composition is said to be made by first 
dissolving caoutchouc in coal naphtha, in the proportion of one 
pound of the former to five gallons of the latter ; to this Solution 
an equal weight of shellac is added, and the composition is then 
placed over a fire and thoroughly mixed by stirring. 
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154. Owing to its insolubility in water, its remailuble tenachy 
and adhesion, and its powere of contraction and expansicm througn 
a veiy considerable ränge of temperature, without Decoming either 
very soft or britde, the marine glue promises to be not only a val- 
uable addition to the lesources of the naval architect, but to the 
civü engineen 

BRICK. 

155. ThiB material is properly an artificial stone, fonned by 
submitting common clay, which has undergone suitable prepara* 
tion, to a temperature suffident to convert it into a semi-yitiified 
State. 

156. Brick may be used for nearly all the puiposes to which 
8tone is applicable ; for when careAilly made, its strength, hard- 
ness, and durabiUty, are but little inferior to the more ordinaiy 
kindA of building stone. It remains michanged under the ex- 
tremes, of temperature ; resists the action of water ; sets firmly 
and promptly ¥rith mortar ; and being both cheaper and Ughter 
than stone, is preferable to it for many kinds of structures, as 
arches, the walts of houses, &c. 

157. The art of brick-making is a distinct brauch of the useful 
arts, and does not properly belong to that of the engineer. But 
as the engineer is freauenUy obliged to prepare this material him^ 
seif, the following outline oi the process may prove of service. 

158. The best brick earth is composed of a mixture of pure 
clay and sand« deprived of pebbles oi every kind, but particularly 
of those which contain lime, and pyritous, or other metaUic sul>- 
stances ; as these substances, when in large quantities, and in the 
form of pebbles, act as fluxes, and destroy the shape df the brick, 
and weaken it by causing cavities and cracks ; but in small quan- 
tities, and equally difiused throughout the earth, they assist the 
vitrification, and give it a more uniform character. 

159. Good brick earth is frequently found in a natural State, 
and requires no other preparation for the purposes of the brick- 
maker. When he is obliged to prepare tue earth by mixing the 
pure clay and sand, direct eiqperiments should, in all cases, be 
made, to ascertain ihe proper proportions of the two. If the clay 
is in excess, the temperature required to semi-yitrify it, will cause 
it to warp, durink, and crack ; smd, if there is an excess of sand, 
complete yitrification will ensue, under similar circumstances. 

160. The quality of the brick depends as much on the care 
bestowed on its manufacture, as on tue quality of the earth. The 
first stage of the process is to free the earth urom pebbles, which 
is most effectuaUy done by digging it out early in the autumn, 
and exposing it in small Heaps to the weather during the winter. 
In the spring, the heaps are carefiilly riddled, if necessary, and 
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the earth is then in a proper State to be kneaded or tempered. 
The quantity of water required in tempering, will depend on the 
quality of the earth ; no more should be used, than will be suffi- 
cient to make the earth so plastic, as to admit of its being easily 
moulded by the workman. About half a cubic foot of water to 
one of the earth is, in niost cases, a good proportion. If too much 
water be used, the brick will not omy be very slow in drying, but 
it will, in most cases, crack, owing to the surface becoming com- 
pletely dry, before the moisture of the interior has had time to 
escape ; the consequence of which will be, that the brick, when 
bumt, will be either entirely unfit for use, or very weak. 

161. Machinery is now Coming into very general use in mould- 
ing brick : it is superior to manual labor, not only from the labor 
saved, but from its yielding a better quality of brick, by giving it 
great density, which adds to its strength. 

162. Great attention is requisite in drying the brick before it 
is bumed, It should be placed, for this purpose, in a dry expo- 
sure, and be sheltered from the direct action of the wind and sun, 
in Order that the moisture may be carried off slowly and uniformly 
from the entire surface. When this precaution is not taken, the 
brick will generally crack from the unequal shrinking, arismg 
from onepart drying more rapidly than the rest. 

163. Tne buming and cooling should be done with equal care. 
A very moderate fire should be applied under the arches of the 
kiln for about twenty-four hours, to expel any remaining moisture 
from the raw brick; this is known to be completely effected, 
when the smoke from the kiln is no loncer black. The fire is 
then increased until the bricks of the arches attain a white heat ; 
it is then allowed to abate in some degree, in order to prevent 
complete vitrification ; and it is altemately raised and lowered in 
this way, until the buming is complete, which may be ascer- 
tained by examining the bricks at the top of the kiln. The 
cooling should be slowly effected ; otherwise the bricks will not 
withstand the effects of the weather. It is done by closing 
the mouths of the arches, and the top and sides of the kiln in 
the most effectual manner with meist clay and bumt brick, and 
allowing the kiln to remain in this State until the warmth has 
subsided. 

164. Brick of a good quality exhibits a fine, compact, uniform 
texture, when broken across ; gives a clear ringing sound, when 
Struck ; and is of a cherry red, or brownish color. Three varie- 
ties are found in the kiln ; those which form the arches, denom- 
inated arch brick, are always vitrified in part, and present a 
grayish glassy appearance at one end ; they are very hard, but 
Drittle, Ol inferior strength, and set badly with mortar ; those from 
the interior of the kiln, usually denominated bodj/y hard, or cherry 
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brich, aie of the best qndity; those from near the top and rides, 
are generally undeibimit, and aie denominated soft, pale, or sam-' 
mdorick ; they have neither sufficient strength, nor duiability, 
for heayy Taaaoarj, nor the outside couises of walls, which are 
exposed to the weather. 

165. The quality of good brick may be improyed by soaking 
it for some days in water, and re-burning it. This process in- 
creases both tne strength and durability, and renders the brick 
more suitable for hydraulic constructionsy as it is found not to 
imbibe water so readily afier having undergone it. 

166. The size and ionn of bricks nresent but trifling variations. 
They are generally rectangular parallelopipeds, fircxn eight to nine 
inches long, firom four to four and a half wide, and from two to 
two and a quarter thick. Thin brick is generally of a better 
quality than thick, because it can be dried and bumed more 
unifonnly. 

167. Fire-brick. This material is used for the facing of fur- 
naceSy iireplaces, &c., where a high degree of temperature is to be 
sustained. It is made of a very refractory kind ot pure clay, that 
remains unchanged by a degree ofheat which wouldvitrify and com- 
pletely destroy ordinary brick. A yery remarkable bnck of this 
character faas been made oiagaric mineral; it remains un- 
changed under the highest temperature, is one of the worst con- 
ductors of heaty and so hght that it wiH float on water. 

168. Tües. As a roof covering, tiles are, in many respects, 
superior to slate, or metallic coverings. They are strong and 
durable, and are yery suitable for the coyering of arches, as their 
great weight is not so objectionable here, as in the case of roofs 
formed Xyltames of timber. 

Tiles should be made of the best potter's clay, and be moulded 
with great care to giye them the sreatest density and strength. 
They are of yery yariable form and size ; the worst being the 
flat SQuare form, as, firom the Uability of the clay to waip in bum- 
ing, tney do not make a perfectly water-tight coyering. 

WOOD. 

169. This material holds the next rank to stone, owing to its 
durability and strength, and the yery general use made of it in 
constructions. To suit it to the purposes of the engineer, the 

)r tree is felled after having attained its mature growth, and the 

trunk, the larger branches that spring firom the tnmk, and the 
main parts of the root, are cut into suitable dimensions, and sea- 
soned, in which State, the term timber is applied to it. The 
crooked, or compass timber of the branches and roots, is mostly 
applied to the purposes of ship-building, for the knees and other 
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Cof the frame-work of vessels, reqairing crooked timber. 
trunk fumishes all the straight timber. 

170. The trunk of a fiill-ffrown tree presents three distinct 
parts : the 6arÄ, which forms the exterior coating ; the sap-wood, 
which is next to the bark ; the heart, or inner part, which is easily 
distinguishable from the sap-wood by its greater finmiess and 
darker color. *^ 

171. The heart forms the essential part of the trank, as a 
building material. The sap-wood possesses but little strength, 
and is subject to rapid decay, owing to the great quantity of fer- 
mentable matter contained in it ; and the bark is not only without 
strength, but, if suffered to remain on the tree after it is felled, it 
hastens the decay of the sap-wood and heart. 

172. Trees shodd not be felled for timber until they have at- 
tained their mature growth, nor after they ezhibit Symptoms of 
decline ; otherwise, the timber will be kss streng, and far less 
durable. Most forest trees arrive at maturity between fifty and 
one hundred years, and commence to decline after one hundred 
and fifty or two hundred years. The age of the tree can, in most 
cases, be ascertained eitner by its extemal appearances, or by 
cutting into the centre of the trunk, and counting the rings, or 
layers of the sap and heart, as a new ring is formed each year in 
the process of yegetation. When the tree commences to decline, 
the extremities of the old branches, and particukrly the top, ex- 
hibit signs of decay. 

173. Trees should not be felled while the sapis in circulation ; 
for this substance is of a peculiarly fermentable nature, and, there- 
fore, very productive of destruction to die wood. The winter 
months, and July, are the seasons in which trees are felled for 
timber, as the sap is generally considered as dormant during these 
months ; this practice, howeyer, is in part condemned by some 
writers ; and tne recent experiments of M. Boucherie, in France, 
Support this opinion, and indicate midsmnmer and autumn as the 
seasons in which the sap is least active, and therefore as most 
fayorable for felling. 

174. As the sap-wood, in most trees, forms a large portion of 
the trunk, experiments have been made, for the purpose of im- 
proving its strength and durability . These experiments have been 
mostly directed towards the manner of preparing the tree, before 
felling it. One method consists , in girdlingy or making an in- 
cision with an axe around the trunk, completely through the sap- 
wood, and sufiering the tree to stand in this State until it is dead ; 
the other consists in barking, or Stripping the entire trunk of its 
bark, without wounding the sap-wood, early in the spring, and al- 
lowing the tree to stand until the new leaves have put lorth and 
fallen, before it is felled. The sap-wood of trees, treated by both 
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of diese methods, was found very much improved in hardness, 
strength, and durability ; the resufts fronijgiraling were^ however, 
inferior to those firom oarkinff. 

175. The seasonin^ of tiinber is of the fl;reate8t importance, not 
only to its durability, put to the solidity ofthe structure for which 
it may be used ; as a yery slight shrinking of some of the pieces, 
arising from the seaAoning (xT the wood, might, in many cases, 
cause material injury, if not complete destruction to the structure. 
Timber is considered as sufficiently seasoned, for the purposes 
of frame*work, when it has lost about one fiith of the weight 
which it has in a green State. Several methods are in use for 
seasoning timber : they consist either in an ezposure to the air 
for a certain period in a sheltered position, whicn is termed natu- 
ral seasoning ; in immersion in water, tenned water seasoning ; 
or in boiUng, or steaming, 

176. For natural seasoning, it is usually recominended to strip 
the trunk of its branches and bark, immediately upon felling, and 
to remove it to some dry position, until it can be sawed into suit- 
able scantling. From the experiments of M. Boucherie, just 
cited, it would seem that better results would ensue, firom allow- 
ing the branches and bark to remain on the trunk for some days 
after felling. In this State, the vital action of the tree continuing 
in Operation, the sap-vessels will be gradually exhausted of sap, 
and fiUed with air, and the trunk thus better prepared for the pro- 
cess of seasoning. To complete the seasonin]^, the sawed timber 
should be piled under drymg sheds, where it will be freely ex- 
posed to the circulation oi the air, but sheltered firom the oirect 
action of the wind, rain, and sun. By taking these precautions, 
an equable evaporation of the moisture will teke place over the 
etitire surface, which will prevent either warping or sphtting, 
which necessarily ensues when one part dries more rapidly than 
another. It is farther recommended, instead of piling the pieces 
on each other in a horizontal position, that they be laid on cast- 
iron Supports properly prepared, and with a sumcient inclination 
to facilitate the drippmg oi the sap from one end ; and that heavy 
round timber be bored through the centre, to expose a ^eater 
surface to the air, as it has been found that it cracks more m sea- 
soning than Square timber. 

Natural seasoning is preferable to any other, as timber seasoned 
in this way is both strenger and more durable than when prepared 
by any artificial process. Most timber will require, on an aver- 
age, about two years to become fully seasoned in the natural 
way. 

177. The process of seasoning by immersion in water, is slow 
and imperfect, as it takes years to saturate heavy timber ; and 
the soluble matter is^discharged very slowly, and chiefly from the 
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ezterior layers of the immersed wood. The practice of keepiug 
timber in water, with a view to facilitate its seasoning, has been 
condemned as of doubtfiil Utility ; particularly immersion in salt 
water, where the timber is liable to the inroads of those two very 
destructive inhabitants of our waters, the Limnoria Terebrans j 
and Teredo Navalis ; the former of which rapidly destroys the 
heaviest logs, by gradually eating in between the annual rinffs ; 
and the latter, the well-known ship-worm, by Converting timoer 
üito a perfect honeycomb State by its nmnerous peiforations. 

178. Steaming is mostly in use for ship-building, where it is 
necessaiy to soften the fibres, for the puipose of bending large 
pieces of timber. This is e£fected by placing the timber in streng 
steam-tight cylinders, where it is suDJected to the action of steam 
long enough for the object in yiew ; the period usually allowed, 
is one hour to each inen in thickness. Steaming slightly impairs 
the strength of timber, but renders it less subject to decay, and 
less liable to warp and crack. 

179. When timber is used for posts partly imbedded in the 
ffround, it is usual to char the part imbedded, to preserve it from 
decay. This method is only serviceable when the timber has been 
pireviously well seasoned ; but for green timber it is highly inju- 
rious, as by closing the pores, it prerents the evaporation from the 
surface, and thus causes fermentation and rapid decay within. 

180. The most durable timber is procured from trees of a close 
compact texture, which, on analysis, yield the largest quantil^ of 
carbon. And those which grow in meist and shady locahties, 
fumish timber whidi is weaker and less durable than that from 
trees growing in a dry open exposure. 

181. Timber is subject to defects, arising either from some 
peculiarity in the growdi of the tree, or from the effects of the 
weather. Straight-grained timber, free from knots, is superior 
in strength and quality, as a buüding material, to that which is 
the reverse. 

182. The action of high winds, or of severe frosts, injures the 
tree while Standing : the former separating the layers from each 
other, forming what is denominated roUed tirnber; the latter 
Cracking the timber in several places, from the surfaceno the 
centre. These defects, as well as those arising from worms, or 
age, are easily seen by examining a cross section of the trunk. 

183. The wet and dry rot are the most serious causes of the 
decay of timber ; as all the remedies thus far proposed to prevent 
them, are too expensive to admit of a very general apphcation. 
Both of these causes have the same origin, fermentation, and 
consequent putrefaction. The wet rot takes place in wood ex- 
posed» altemately, to moisture and diyness ; and the dry rot is 
occasioned by want of a free circulation of air, as in confined, 
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wann localiliesy like cellars and the more confined parts of 
vessels. 

Trees of rapid growth, which contain a large porticm of sap- 
wood, and timoer of eyery description, when used gieen, where 
there is a want of a free circulation of air, decay yery rapidly with 
the rot. 

184. Numberless experiments have been made on the preser- 
vation of timber, and many processes for this purpose have been 
patented both in Europe and this country. Several of these 
processes have yielded tne most satisfactoiy results ; and nearly 
all have proyed more or less efficacious. The means mostly re- 
sorted to haye been the Saturation of the timber in the Solution 
of some Salt with a metallic, or earthy base, thus forming an in- 
soluble Compound with the soluble matter of the timber. The 
salts which haye been most generally tried, are the sulphate of 
iron, or copper, and the chloride oi mercury, zinc, or calcium. 
The results obtained from the chlorides haye been more satisfac- 
tory than those from the sulphates ; the latter class of salts with 
metallic bases possess undoubted antiseptic properties ; but it is 
stated that the freed sulphuric acid, arising from the chemical 
action of the salt on tlie wood, impairs the woody fibre, and 
changes it into a substance resembling carbon. 

185. The processes which haye come into most general use, 
are those of Mr. Kyan, and of Sir W. Bumett, caUed after the 
patentees kyanizing and bumetizing. Kyan's process is to sat- 
urate the timber with a Solution of chloride of mercury ; using, 
for the Solution, one pound of the salt to fiye gallons of water. 
Bumett uses a Solution of chloride of zinc, in the proportion of 
one pound of the salt to ten gallons of water, for common pur- 
poses ; and a more highly concentrated Solution when the object 
is also to render the wood incombustible. 

186. As timber under the ordinary circumstances of immer- 
sion imbibes the Solutions yery slowly, a more expeditious, as 
well as more perfect means of Saturation has been used of late, 
which consists in placing the wood to be prepared in strong 
wrought-iron cylinders, lined with feit and boards, to protect the 
iron wom the action of the Solution, where, first by exhausting 
the cylinders of air, and then applying a strong pressure by means 
of a force-pump, the liquid is forced into the sap and air-^essels, 
and penetrates to the very centre of the timber. 

187. Among the patented processes in our country, that of Mr. 
Earle has received most notice. This consists in boiling the 
timber in a Solution of the sulphates of copper and iron. Opinion 
seems to be diyided as to the efficacy of this method. It has been 
tried for the preseryation of timber for artillery carriages, but not 
with satisfactory results. 
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188. M. Boucherie, to whose able researches on Üiis subject 
reference has been made, noticing the slowness with which 
aqueous Solutions were imbibed by wOod, when simply im- 
mersed in them, conceived the ingenious idea of rendering the 
vital actiou of the sap-vessels subservient to a thorough impreg- 
nation of every part of the trunk where there was tnis vitality. 
To eflfect this, ne first immersed the butt end of a freshly-felled 
tree in a liquid, and found that it was difiused throughout all parts 
of the tree, in a few days, by the action in question. But, find- 
ing it difficult to manage trees of some size when felled, M. 
Boucherie next attempted to saturate them before felling; for 
which purpose he bored an auger-hole through the trunk, and 
made a saw-cut from the auger-hole outwards, on each side, to 
within a few inches of the exterior, leaving enough of the fibrea 
untouched to support the tree. One end of the auger-hole was 
then stopped, as well as all of the saw-cut on the exterior, and 
the liquia was introduced by a tube inserted into the open end of 
the auger-hole. This method was found equally efficacious with 
the first, and more convenient. 

189. After examining thß action of the yarious neutral salts on 
the soluble matter contained in wood, M. Boucherie was led to 
try the impure pyrolignite of iron, both from its chemical compo- 
sition and its cheapness. The results of this experiment were 
perfectly satisfactory. The pyrolignite of iron, in the proportion 
of one fiftieth in weight of the green wood, was found not only to 
preserve the wood from decay, but to harden it to a very high 
degree. 

190. Observing that the pliability and elasticity of wood de- 

gmded, in a great measure, on the moisture contained in it, M. 
oucherie next directed his attention to the means of improving 
these properties. For this purpose, he tried Solutions of various 
deliquescent salts, which were found to answer the end proposed. 
Among these Solutions, he gives the preference to that of chloride 
of calcium, which also, when concentrated, renders the wood in- 
combustible. He also reconunends for like purposes the mother 
water of salt-marshes, as cheaper than the Solution of the chloride 
of calcium. ,Timber prepared in this way is not only improved 
in elasticity and pliability, but is prevented from warping and 
Cracking ; the timber, however, is subject to greater variations in 
weight than when seasoned naturally. 

191. M. Boucherie is of opinion that the earthy chlorides will 
also act as preservatives, but to ensure this he recommends that 
they be mixed with one fifth of pyrolignite of iron. 

192. From other experiments of M. Boucherie, it appears that 
the sap may be expelled from any freshly-felled timber by the 
pressure of a liquid, and the timber be impregnated as thoroughly 
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fts by the preceding processes. To e£fect this, the piece to be 
saturated is placed in an upright position, so that Uie sap may 
flow readily from the lower end ; a water-tight bag, containing 
the liquid, is affixed to the upper extremity which is surmounted 
by the liquid, the pressure Brom which expels the sap, and fills 
the sap-yessels with the Uquid. The process is complete when 
the liquid is found to issue in a pure State from the lower end of 
the stick. 

193. Either of the above processes may be appUed in impreg- 
nating timber with coloring matter for omamental purposes. The 
plan recommended by M. Boucherie, consists in introducing sep- 
arately the Solutions by the chemical union of which the color is 
to be formed. 

194. The effect of time on the durabflity of timber, prepared 
by any of the yarious chemical processes which have jiist been 
detaiied, remains to be seen ; although results of the most satis- 
factory nature may be looked for, considering the severe tests to 
^hich most of them have been submitted, by exposure iii situa- 
tions peculiarly favorable to the destruction ol ligneous sub- 
stances. 

195. The durabiUty of timber, when not prepared by any of 
the above-mentioned processes, varies greatly under düFerent cir- 
Cumstances of exposure. If placed in a sheltered position, and 
exposed to a free circulation ol air, timber will last for centuries, 
without showing any sensible changes in its physical proper- 
ties. An equal, if not superior, durability is obseryed when it 
is immersea in fresh water, or embedded in thick walls, or 
under ground, so as to be beyond the influence of atmospheric 
changes. 

. 196. In Salt water, however, particularly in warm climates, 
timber is rapidly destroyed by the two animals already noticed : 
the one, the limnoria terebrans^ attacking, it is said, omy station- 
ary wood, while the attacks of the other, the teredo navalis, are 
general. Yarious means have been tried to guard against the 
ravages of these destructive agenls ; that of sheathing exposed 
timber with copper, or with a coating of hydrauhc cement, aflü:ed 
to the wood by studding it thickly over with broad-headed nails to 
give a hold to the cement, has met with fiill success ; but the oxi- 
dation of the metal, and the liability to accident of the cement, 
limit their efficacy to cases where they can be renewed. The 
chemical processes for preserving timber from decay, do not ap- 
pear to guard them in salt water. A process, however, öf pre- 
serving timber by impregnating it with coal tar, patented in this 
country by Professor Kenwick, appears, from carefui experi- 
ments, also to be efficacious against the attack of the ship-worm. 
A coating of Jeffery's marine glue, when impregnated with some 
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(tf the insoluble minerai poisons destrQctiye to animal life, is said 
to subserve the same ead. 

197. The best seasoned timber will not withstand the effects 
of exposure to the weather for a much greater period than twentv- 
ÜTO years, unless it is protected by a coating of paint or pitcn, 
or of oil laid on hot, when the timber is partly charred over a light 
blaze. These substances themselves^ being of a perishable na« 
ture, require to be renewed, from time to time, and will, there- 
fore, be serviceable only in situations which admit of their renewal^ 
They are, moreover, more hurtful than serviceable, to unseasoned 
timber, as by closing the pores of the exterior surface, they pre- 
vent the moisture from escaping from within, and, therefore, pro* 
mote one of the chief causes of decay. 

198. The forests of our own country produce a great variety 
of the best timber for every purpose, ana supply abmidantly both 
our own and foreign markets. The following genera are in most 
common use. 

199. Oak. About forty-four species of this tree are enumera- 
ted by botanists, as found in our forests, and those of Mexico. 
The most of them afford a good building material, except the 
varieties of red oak, the timber of which is weak, and decays 
rapidly. 

The White Oak, {Q^ercus Alba,) so named from the colot 
of its bark, is among the most yaluable of the species, and is in 
very general use, but is mostly resenred for navsu constructions ; 
its trunk, which is large, serving for heavy frame-work, and th^ 
roots and larger brancl^s affording the best compass timber. The 
wood is streng and durable, and of a slightly reddish tinge ; it is 
not suitable for boards, €Ui it shrinks about -^j in seasoning, and 
is very subject to warp and crack. 

This%ree is found most abimdantly in the Middle States. It 
is seldom seen, in comparison with other forest trees, in the 
Eastem and Southern States, or in the rieh Valleys of the West- 
ern States. 

Post Oak, {Quercus Obiusüoha.) This tree seldom attains Si 
greater diameter than about fifteen inches, and, on this account» 
is mostly used for posts, from which use it takes its name. The 
wood has a yellowish hue, and close grain ; is said to exceed 
white oak in strength and durability ; and is, therefore, an excel- 
lent buildinff material for the hghter kinds of frame-work. This 
tree is found most äbundantly in the forests of Maryland and Vir- 
ginia, and is there frequendy called Box White Oak, and Iron 
Oak. It also grows in the forests of the Southern and Western 
States, but is rarely seen farther north than the mouth of the 
Hudson River. 

Chesnut White Oak, {(Quercus Prinus Palustris.) The tim- 
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ber of this tree is strong and durable, but inferior to the two pre- 
cedinff species. The tree i» abundant from North Carolina to 
Florida. 

Rock Chesnut Oak, ( Quercus Prinus Monticola.) The timber 
of this tree is mostly in use for naval constructions, for which it 
is esteemed inferior only to the white oak. The tree is found in 
the Middle States, and as far north as Vermont. 

Live Oak, {Quercus Virens.) The wood of this tree is of a 
yellowish tinge ; it is heavy, compact, and of a fine grain ; it is 
stronger and more durable than any other species, and, on this 
account, it is considered invaluable for the purposes of ship- 
building, for which it is exclusively reserved. 

The live oak is not found farther north than the neighborhood 
of Norfolk, Virginia, nor farther inland, than from fifteen to twenty 
miles from the seacoast. It is fowid in abundance along the 
coast south, and in the adjacent islands as fair as the mouth of the 
Mississim>i. 

200. jPine, This very interesting genus is considered inferior 
only to the oak, from the excellent timber afforded by nearly all 
of its species. It is regarded as a most valuable building mate- 
rial, owmg to its strength and durability, the straightness of its 
fibre, the ease with which it is wrought, and its applicability to 
all the purposes of constructions in wood. 

Yellow Pine, {Pinus Mitis.) The heart-wood of this tree is 
fine-grained, moderately resinous, streng, and durable ; but the 
sap-wood is very inferior, decaying rapidly on exposure to the 
weather. The tunber is in very genend use for frame-work, &c. 

This tree is found throughout our country, but in the greatest 
abundance in the Middle States. In the Southern States^ it is 
known as Spruce Pine and Short-deaved Pine. 

Long-leaved Pine, or Southern Pine, {Pinus Australi^ This 
tree has but little sap-wood : and the resinous matter is umformly 
distributed throughout the heart-wood, which presents a fine com- 
pact grain, having more hardness, strength, and durability, than 
any other species of the pine, owing to which qualities the timber 
is m very great demand. 

The tree is first met with near Norfolk, Virginia, and from this 
point south, it is abundantly found. 

White Pine, or Northern Pine, {Pinus Strobus.) This tree 
takes its name from the color of its wood, which is white, soft, 
light, straight-grained, and durable. It is inferior in strength to 
the species just described, and has, moreover, the defect of swell- 
ing in damp weather, Its timber is, however, in wceaX demand 
as a good building material, being ahiiost the only kind in use in 
the Eastem and Northern States, for the frame-wark wad joinery 
of houses, See, 
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The finest specimens of this tree grow in the forests of Maine. 
It is found in great abundance between the 43d and 47th paral- 
lels, N. L. 

201. Among the forest trees in less general use than the oak 
and pine, the Locusty the Chesnut, the Red Cedar, and the Larchy 
hold the first place for hardness, strength, and durability. They 
are chiefly used for the frame-wofk of vessels. The chesnut, the 
locust, and the cedar, are preferred to all other trees for posts. 

202. The Black, or Double Spruce, {Ahies Nigra,) also af- 
fords an excellent material, its timber being strong, durable, and 
light. 

203. The Juniper or White Cedar, and the Cypress, are very 
celebrated for anording a material, which is very hght, and oi 
great durabihty, when exposed to the weather ; owinff to these 
qualities, it is almost exclusively used for shingles and other ex- 
terior coverings. These two trees are found, in great abundance, 
in the swamps of the Southern States. 

METALS. 

204. The metals in most common use in constructions are 
Iron, Copper, Zinc, Tin, and Lead. 

IRON. 

205. ^his metal is very extensively used for the puiposes of 
the engineer and architect, both in the State of Cast fron, and 
Wrought Iran. 

206. Cast Iron is one of the most valuable building materials, 
OTiring to its great strength, hardness, and durabiUty, and the ease 
with which it can be cast, or moulded, into the best forms, for 
Üie ptrposes to which it is to be applied. 

207. Cast iron is divided into two principal varieties, the Gray 
cast iron, and White cast iron, There exists a very marked dif- 
ference between the properties of these two varieties. There 
are, besides, many intermediate varieties, which partake more or 
less of the properties of these two, as they approach, in their ex- 
temal appearances, nearer to the one or the other. 

208. Gray cast iron, when of a good quality, is slightly malle- 
able in a cold State, and will yield readily to the action of the file, 
when the hard outside coating is removed. This variety is also 
sometimes termed soft gray cast iron ; it is softer and tougher 
than the white iron. When broken, the surface of the fracture 
presents a granulär structure ; the color is gray ; and the lustre 
IS what is termed metallic, resembling small brilliant particles of 
lead strewed over the surface. 

209. White cast iron is very hard and brittle ; when recently 
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hioken, the rarface of the fracture presents a distinctly-marked 
crystalUne structuie ; the color is white ; and luBtre vitreous, or 
bearing a resemblance to the reflected light from an aggregation 
of smiul crystals. 

210. Mr. Mallet, in a very able Report made to the British 
Associaticm for the Advancement of Science, remarking on the 
great want of unifonnity, amon^ manufacturers of iron, in the 
terms used to describe its different varieties, propjoses the foUow- 
ing nomenclature, as comprising every variety, with their distinc- 
tive characters. 

Silvery. Least fusible ; thickens rapidly when fluid by a 
spontaneous puddling ; crjrstals vesicular, onen crystalline ; in- 
capable of being cut by cmsel or file ; ultimate cohesion a maxi- 
mum ; elastic ränge a minimum. 

Micaceous, Very soft ; greasy feel ; pecuUar micaceous ap- 
pearance generally owing to excess of manganese ; soils the fin- 
gers stronffly ; crystals large ; runs very fluid ; contraction large. 

Mottled. Tough and hard ; filed or cut with difliculty ; crys- 
tals large and small mixed ; sometimes runs thick ; contraction in 
cooling a maximum. 

Bright Gray, Toughness and hardness most suitable for 
working ; ultimate cohesion and elastic ränge generally are bal- 
anced most advantageously ; crystals uniform, very minute. 

Dull Gray, Less tou^athan the preceding ; other characters 
alike ; contraction in coohng a minimima. 

Dark Gray, Most fusible ; remains long fluid ; exudes graphite 
in cooling ; soils the fingers ; crystals large and lamellar ; ultimate 
cohesion a minimum, and elastic ränge a maximum. 

21 1 . The gray iron is most suitable where strength is required ; 
and the white, where hardness is the principal requisite. 

212. The color and lustre, presented by the suiface of a «ecent 
firacture, are the best indications of the quality of iron. A uni- 
form dark gray color, and high metallic lustre, are indications of the 
best and strongest. With the same color, but less lustre, the iron 
will be found to be softer and weaker, and to crumble readily. 
Iron without lustre, of a dark and motüed color, is the softest and 
weakest of the gray varieties. 

Iron of a Ught ^y color and' hich metallic lustre, is usually 
yery hard and tenacious. As the color approaches to white, and 
the metallic lustre changes to yitreous, hardness and brittleness 
become more marked, until the extremes of a dull, or gra)ash white 
color, and a very high vitreous lustre, are attained, which are the 
indications of the hs^rdest and most brittle of the white variety. 

213. The quality of cast iron may also be tested, by striking a 
smart stroke with a hammer on the edce of a casting. If die 
blow produces a slight indentation, without any appearance of 
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fracture, it shows that the iron is slightly malleable, and, there- 
fore, of a good qualily ; if, on the contranr, the edge is broken, it 
indicates brittleness in the material, and. a consequent want of 
str^ngth. 

214. The strength of cast iron yaries with its density ; and this 
element depends upon the temperature of the metal when drawn 
from the fiimace ; the rate of cooling ; the head of metal under 
which the casting is made ; and the bulk of the casting. 

215. The density of iron cast in vertical moulds increases, ac- 
cording to Mr. Mallet's experiments, very rapidly from the top 
downward, to a depth of about four feet below the top ; from this 
point to the bottom, the rate of increase is very nearly unifonn. 
All other circumstancesremaining the same, the density decreases 
Tirith the bulk of the casting ; hence large are proportionally 
weaker than small Castings. 

216. From all of these causes, by which the strength of iron 
may be influenced, it is very difficnlt to judge cf the quaUty of a 
casting by its extemal characters ; in general, howeyer, if the 
exterior presents a uniform appearance, devoid of marked ine- 
qualities of surface, it will be an indication of uniform strength. 

217. The economy in the manufacture of cast iron, arising 
from the use of the hot blast, has naturaUy directed attention to 
the comparatiye merits between iron produced by this process 
and that from the cold blast. This subject has been ably inves- 
tigated by Messrs. Fairbaim and Hodgkinson, and their results 
publishea in Üie^Seventh Report ofthe British Association. 

Mr. Hodgkinson remarks on tnis subject, in reference to the 
results of his experiments : " It is rendered exceedingly probable 
that the introduction of a heated blast into the manuiacture of 
cast iron, has injured the softer irons, while it has frequently 
mollified and improyed those of a harder nature ; and considering 
the small deterioration that" some ^^ irons have sustained, and the 
a^arent benefit to those oP' others, "togetherwith the peat saving 
ef&cted by ihe heated blast, there seems good reasonfor the pro* 
cess becoming as general as it has done." 

218. From a number of specific grayities giyen in these Re» 
ports, the mean specific gravity of cold blast iron is nearly 7.091, 
that of hot blast 7.02L , 

219. Mr. Fairbaim concludes his Report with these observa- 
tions, as the results of the inv^stigations of himself and Mr. Hodg-^ 
kinson : '' The Ultimatum of our inquiries, made in this way, 
standS) therefore, in the ratio of strength, 1000 for the cold blast, 
to 1024.8 for the hot blast ; leayingthe small fractional difference 
of 24.8 in favor of the hot blast." 

** The relative powers to sustain impact, are likewise in favor 
ofthe hot blast, being in the ratio of 1000 to 1226.3." 

8 
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220. Wrtmgkt Iron. The color, lustre, and tezture of a recent 
firacture, present, also, the most certain indications of the quality 
of wrougnt iron. The fracture submitted to ezamination, should 
be of bars at least one inch Square ; or, if of flat bars, they should 
be at least half an inch thick ; otherwise, the texture will be so 
greatly changed, arising from the greater elongation of the iibres, 
in bars of smaller dimensions, as to present none of those dis- 
tinctive di£ferences observable in the fracture of large bars. 

221. The surface of a recent fracture of good iron, presents a 
clear ffray color, and high metaUic lustre ; the tezture is granulär, 
and the grains have an elongated shape, and are pointed and 
slightly crooked at their ends, giving the idea of a powerful force 
having been employed to produce the fracture. When a bar, 
presenting these appearances, is hammered, or drawn out into 
small bars, the suriace of fracture of these bars will havea ^ery 
marked fibrous appearance, the filaments being of a white color 
and very elongatea. 

222. When the texture is either laminated, or crystalline, it is 
an indication of some defect in the metal, arising either from the 
mixture of foreign ingredients, or eise fr(»n some neglect in the 
process of forging. 

223. Bumt iron is of a clear gray color, with a slight shade 
of blue, and of a slaty texture. It is soft and brittle. 

224. Cold short iron^ or iron that caimot be hammered when 
cold without breaking, presents nearly the same appearance as 
bumt iron, but its color incUnes to white. It is very hard and 
brittle. 

225. Hot short irorij or that which breaks under the ham- 
mer when heated, is of a dark color without lustre. This de- 
fect is usually indicated in the bar by numerous cracks on the 
edges. 

226. The fibrous texture, which is developed only in small 
bars by hammering, is an inherent quality of^ good iron ; those 
varieties which are not susceptible of receiving this peculiar tex- 
ture, are of an inferior quality, and should never be used for pur- 
poses requiring great strenfftn : the filaments of bad varieties are 
short, and the fracture is of a deep color, between lead gray and 
dark gray. 

227. The best wrought iron presents two varieties ; the Hard 
and Soft. The hard variety is very streng and ductile. It pre- 
serves its granulär texture a long time under the action of the 
hammer, and only developes the fibrous texture when beaten, or 
drawn out into small rods : ifs .filaments then present a silver 
white appearance. 

228. The soft variety is weaker than the hard ; it yields easily 
to the hammer ; and it commences to exhibit, under its action, 
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the fibrous textüre in tolerably large bars. The color of the 
fibres is between a säver white andlead gray. 

229. Iron may be naturally of a good quality, and still, from 
being badly refined, not present the appearances which are re- 
garded as sure indications of its excellence. Among the defects 
axising from this cause are blisters, flcuvs^ and cinder-holes. 
Generally, however, if the surface of fracture presents a texturc 
partly crystalline and partly fibrous, or a fine granulär texture, in 
which some of the grains seem pointed and crooked at the points, 
together with a light gray color without lustre, it will indicate 
natural good qualities, which require oniy careful refimng to be 
fully deyeloped. 

230. The strength of wrought iron is very variable, as it de- 
pends not only on the natural qualities of the metal, but also upon 
the care bestowed in forging, and the greater or less compres- 
sion of its fibres, when drawn or hammered into bars of difierent 
sizes. 

231. In the Report made by the sub-committee, Messrs. John- 
son and Reeves, on the strength of Boiler Iron, {Journal of Frank- 
lin Institute, vol. 20, New Series,) it is stated that the following 
order of superiority obtains among the different kinds of pig 
metal, with respeet to the maUeable iron which they fumish : — 
1 Livelu gray ; 2 White; 3 Mottled gray ; 4 Dead gray ; 
5 Mixed metcus. 

The Report states, " So far as these experiments may be con- 
sidered decisive of the question, they favor the lighter complexion 
of the cast metal, in preference to the darker and mottled varie^ 
ties ; and they place the mixture of different sorts among the 
worst modifications of the material to be used, where the object 
is mefe tenacity." 

232. These experiments also show that piling iron of different 
degrees of fineness in the same plate is injurious to its quality, 
owing to the consequent inequality of the welding. 

233. From these experiments, the mean specific gravity of 
boiler iron is 7.7344, and of bar iron 7.7254. 

234. Durability of Iron. The durability of iron, under the 
different circumstances of exposure to which it may be submitted» 
depends on the manner in which the casting may have been made ; 
the bulk of the piece employed ; the more or less homogeneous- 
ness of the mass ; its density and hardness. 

235. Among the most recent and able researches upon the ac> 
tion of the ordinary corrosive asents on iron, and the preservative 
means to be employed against theßi, those of Mr. Maltet, given in 
the Report already mentioned, hold the first rank. A brief re- 
capitulation of the most prominent conclusions at which he has 
arrived, is all that can be attempted in this place. 
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236. When iron is only pardy inunersed in water, or whoUy 
immersed in water composea of strata of different densitiesy like 
that of tidal rivers, a voltaic pile of one solid and two fluid bodies 
is formed, which causes a more rapid coirosion than when the 
liquid is ot unifoim density. 

237. The corrosive action of the foul sea water of docks and 
harbors is far more powerful than that of clear sea, or firesh water, 
owing to the action of the hydro-sulphuric add which, being dis» 
engaged from the mud, impregnates the water, and acts on the 
iron. 

238. In clear fresh river water, the corrosive action is less than 
under any other circumstances of immersion ; owing to the ab- 
.aence of corrosive agents, and the firm adherence of the oxide 
formed, which presents a hard coot that is not washed off as in 
aea water. 

239. In clear sea water, the rate of coirosion of iron bars, one 
inch thick, is from 3 to 4 tenths of an inch for cast iron in a Cen- 
tury, and about 6 tentha of an inch for wrou^ht iron. 

240. Wrought iron corrodes more rapidly m hot sea water than 
under any other circumstances of immersion.. 

241 . The same iron when chill cast corrodes more rapidly than 
when cast in green sand ; this arises from the chilled surface 
being less uniform, and therefore foiming vohaic couples of iron 
of different densities, by which the rapidity of coirosion is in* 
creased. 

242. Castings made in dry sand and loam are more durable 
under water than those made in green sand. * 

243. Thin bars of iron corrode more rapidly than those of more 
bulk. This difference in the rate of corrosion is more striking in 
the soft, or graphitic specimens of cast iron, than in the hard and 
silveiy. It is caused by the more rapid rate ot cooling in thin 
than m thick bars, by which the density of the surface of the for- 
mer becomes less uniform. These causes of destructibihty may, 
in some degree, be obviated in Castings composed of ribbed 
pieces, by making the ribs of equal tmckness with the main 
pieces, and causing them to be cooled in the sand, before Strip- 
ping the moulds. 

244. The hard crust of cajst iron prcunotes its durabiUty ; when 
this is removed to the depth of one tourth of an inch, the uron cor- 
rodes more rapidly in both air and water. 

245. Corrosion takes place the less rapidly in any variety of 
iron, in proportion as it is more homogeneous, denser, haider, and 
closer grained, and the less graphitic. 

246. The more ordinary meaas used to protect iron a^inst 
the action of corrosive agents, consist of paints and varmshes. 
These, under the usual circumstances of atmospheric exposure. 
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are of but slight efficacy, and require to be frequendy renewed. 
In water, they are all rapidly destroyed, with Üie exception of 
boiled poal-tar, which, when laid on bot iron, leaves a bright and 
solid varnish of considerable durability and protective power. 

247* The rapidly increasing purposes to which iron has been 
applied, within the last few years, has led to researches upon the 
agency of electro^Jiemical action, as a means of protecting it firom 
corrosion, both in air and water. Among the processes resorted 
to for this purpose, that of zincking, or as it is more commonly 
known, galvanizing iron has been most geißfally introducedf. 
The experiments of Mr. Mallet, on this process, are decidedly 
against zinc as a permanent electro-chemical protector. Mr. 
Mallet States, as the result of his observations, that zinc appUed in 
fiision, in the ordinary manner, oyer the whole surface of iron, 
will not preserve it longer than about two years ; and that, so 
soon as oxidation commences at any point of the iron, the protec- 
tiye power of the zinc becomes considerably diminished, or even 
entirely null. Mr. Mallet concludes, " On the whole, it may be 
affirmed that, mider all circumstances, zinc has not yet been so 
Implied to iron, as to rank as an electro-chemical protector to- 
wards it in the strict sense ; hitherto it has not become a preven- 
tive, but merely a more or less effective palliative to destraction." 

248. In extending his researches on this subject, with alloys 
of copper and zinc, and copper and tin, Mr. Mallet found that the 
alloys of the last metals accelerate the corrosion of iron, when 
voltaically associated wiüi it in sea water ; and that an alloy of 
the two first, represented by 23Zn + 8Cm, in contact with iron, 
protects it as fufly as zinc alone, and sufTers but little loss from 
the electro-chemical action ; thus presenting a protective en- 
ergy more permanent and invariable than that of zinc, and giving 
a nearer approximation to the Solution of the problem, " to obtain 
a mode of electro-chemical protection such, that while the iron 
shall be preserved the protector shall not be acted on, and whose 
protection shall be invariable." 

249. In the course of his experiments, Mr. Mallet ascertained 
that the softest gray cast iron bears such a voltaic relation to hard 
bright cast iron, when immersed in sea water and voltaically as- 
sociated with it, that although oxidation will not be prevented on 
either, it will still be greatly retaided on the hard, at the expense 
of the soft iron. 

250. In concluding the details of his important researches on 
this subject, Mr. Mallet makes the foUowing judicious remarks : 
" The engineer of observant habit will soon have perceived, that 
in exposed works in iron, equality of section or scantUng, in all 
parts sustaining equal strain, is far from ensuring equal passive 
power of permanent resistance, unless, in addition to a general 
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allowance for loss of substance by corrosion, this latter element 
be so provided for, that it shall be equally balanced over the whole 
structure ; or, if not, shall be compelled to confine itself to por- 
tions of the general structure, which may lose substance without 
injuring its stability." 

" The principles we have already established sufficiently guide 
US in the modes of effecting this ; regard must not only be had to 
the c(»itact of dissimilar metals, or of the same in dissimilar fluids, 
but to the scantling of the casting and of its parts, and to the con- 
tact of cast iron ij^ith wrought iron or steel, or of one sort of cast 
iron with another. Thus, in a Suspension bridge, if the links of 
the chains be hammered, and the pins rolled, the latter, where 
equally exposed, ivill be eaten away long before the former. In 
marine steam-boilers, the rivets are hardened by hammering until 
cold ; the plates, therefore, are corroded through round the rivets 
before these have suifered sensibly ; and in the air-pumps and 
condensers of engines working with sea water, or in pit work, and 
pumps lifting mineralized or 'bad' water from mines, the cast 
iron perishes first round the holes through which wrought-iron 
bolts, &c., are inserted. And abundant other instances might be 
given, showing that the eifects here spoken of are in practical 
Operation to an extent that should press the means of counteract- 
ing them on the attention of the engineer." 

251. Since Mr. Mallet's Report to the British Association, he 
has invented two processes for the protection of iron from the ac- 
tion of the atmosphere and of water ; the one by means of a coat- 
ing formed of a triple alloy of zinc, mercury, and sodium, or po- 
tassium ; the other by an amalgam of palladium and mercury. 

252. The first process consists of forming an alloy of the metals 
used, in the foUowing manner. To 1292 parts of zinc by weight, 
in a ^tate of fusion, 202 parts of tnercury are added, and the 
metals are well mixed, by stirring with a roa of dry wood, or one 
of iron coated with clay ; sodium, or potassium is next added, in 
small quantities at a lime, in the proportion of one pound to every 
ton by weight of the other two metals. The iron to be coated 
with this alloy is first cleared of all adhering oxide, by immersing 
it in a warm dilute Solution of sulphuric, pr of hydro-chloric acid, 
washing it in clear cold water, and detachmg all scales, by striking 
it with a hammer ; it is then scoured clean by the band with sand, 
or emery, under a small stream of water, until a bright metallic 
lustre is obtained ; while still wet, it is immersed in a bath formed 
of equal parts of the cold satutated Solutions of chloride of zinc 
and sal-ammoniac, to which as much more solid sal-ammoniac is 
added as the Solution will take up. The iron is allowed to re- 
main in this bath until it is covered by minute bubbles of gas ; it 
is then taken out, allowed to drain a few seconds, and plunged 
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into the fused a]Ioy, from which it is withdrawn so soon as it has 
acquired the same lemperature. When taken jBrom the metallic 
baUi, the iron should be plunged in cold water and well washed. 

253. Care must be taken that the iron be not kept too long in 
the metallic bath, otherwise it may be fused, owing to the great 
affinity of the alloy for iron. At the proper fusing temperature 
of the alloy, about 680*^ Fahr., it will dissolve plates of u'oh one 
eighth of an inch thick in a few seconds ; on this account, when- 
ever small articles of iron have to be protected, the affinity of the 
alloy for iron should be satisfied, by msing some iron in it before 
immersing that to be coated. 

254. The otlier process, which has been termed palladiumizing^ 
consists in coatin^ the iron, prepared as in the first process for 
the reception of tne metallic coat, with an amalgam of palladium 
Mid mercury. 

COPPER. 

255. The most ordinaiy and useful application of this metal in 
constructions, is that of sneet copper, which is used for roof cov- 
erings, and like purposes. Its durability under the ordinary 
changes of atmosphere is very great. Sheet copper, when quite 
thin, is apt to be defective, from cracks arising from the process 
of drawing it out. These may be remedied, when sheet copper 
is to be used for a water-tight sheathing, by tinning the sheets on 
one side. Sheets prepared in this way have been found to be very 
durable. 

The alloys of copper and zinc, known under the name of brass, 
and those of copper and tin, known as bronze^ gun-metal, and 
belUmetal, are, in some cases, substituted for iron, owing to their 
superior hardness to copper, and being less readily oxidized than 
iron. 

ZINC. 

256. This metal is used mostly in the form of sheets ; and for 
water-tight sheathings it has nearly displaced every other kind of 
sheet metal. The pure metallic surface of zinc soon becomes 
covered with a very thin, hard, transparent oxide, which is un- 
changeable both in air and water, and preserves the metal beneath 
it from farther oxidation. It is this property of the oxide of zinc, 
which renders this metal so valuable for sheathing purposes ; but 
its durability is dependent upon its not being brougnt into contact 
with iron in the presence of moisture, as the galvanic ac^jion which 
would then ensue, would soon destroy the zinc. On the same 
account zinc should be perfectly free nrom the presence of iron, 
as a very small quantity of the oxide of this last metal when con- 
tained in zinc, is found to occasion its rapid destruction. 
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257. Besides the aüojn of zinc alxeady mendonedy this metal 
alloyed with.copper fonns one of the most useful solders; and 
its alloy with leaid has been proposed 'as a cramping metal for 
uniting the parts of iron work together, or iron work to other ma- 
terials, in the place of lead, which is usually employed for this 
purpose, but which accelerates the destruction of iron in contact 
with it. 

TIN. 

258. The most useful application of tin is as a coating for 
sheet iron, or sheet copper : tne alloy which it fonns, in this way, 
upon the surfaces of the metals in question, preserres diem for 
some time from oxidation. Alloyed with lead it fonns one of the 
most useful solders. 

LEAD. 

259. Lead in sheets forms a very good and durable roof coveK 
ing, but it is inferior to both copper and zinc in tenacity and 
durability ; and is very apt to tear asunder on inclined sur&ces, 
particularly if covered with other materials, as in the case of the 
capping of water-tight arches. 

PAINTS AND VARNISHES. 

260. Points are mixtures of certain iixed and volatile oils, 
chiefly those of linseed and turpentine, with several of the metal- 
lic salts and oxides, and other substances which are used either 
as pigments, or to give what is termed a hody to the paint, and 
also to improve its dryinff properties. 

261. Paints are mainly used as protectire affents to secure 
wood and metals from the destructive action of air and water. 
This they but imperfectly effect, owing to the unstable nature of 
the oils that enter into their composition, which are not only de- 
stroyed by the very agents against which they are used as pro- 
tectors, but by the chemical cnanges which result from the action 
of the Clements of the oil upon the metallic salts and oxides. 

262. Paints are more durable in air than in water. In the lat^ 
ter element, whether fresh or salt, particularly if foul, paints are 
soon destroyed by the chemical changes which take place, both 
from the action of the water upon the oils, and that of the hydro- 
sulphuric acid contained in foul water upon the metallic salts and 
oxides. 

263. However carefiilly made or applied, paints soon become 

Eermeable to water, owing to the very minute pores which arise 
om the chemical changes in their constituents. These changes 
will have but little influence upon the presenrative action of paints 
upon wood exposed to the effects of the atmosphere, provided the 
wood be well seasoned before the paint is applied, and that the 
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latter be renewed at suitable intervals of time. On metals these 
changes have a yery impartant bearing. The permeability of the 
paint to moisture causes the surface of the metal under it to rust, 
and this cause of destruction is, in most cases, promoted by the 
chemical changes which the paint undergoes. 

264. Vamishes axe Solutions of Tarious resinous substa^ces 
in solyents which possess the property of drying rapidly. They 
are used för the same puiposes as pamts, and have generally the 
same defects. 

265. The foUowing are some of the more usual compositions 
of paints and vamishes. 

White Paintj {for exposed u)Ood.) 

White lead, gronnd in oil .80 

Boiled oil 9 

Raw oil 9 

Spirits turpentine 4 

The white lead to be ground in the oil, and the spirits of tur- 
pentine added. 

Black Paint. 

Lainp-blaek 98 

Litharge 1 

Japan Tarnish .1 

linaeed oil, boiled 73 

Spirits tarpentine 1 

Lead Color. 

White lead, ground in oil .76 

Lamp-black 1 

Boiled linseed oil 83 

Litharge 0.6 

Japan Tarnish 0.6 

Spirits tarpentine 9.6 

Gray^ or Stone Color^ {for buildings.) 



White lead ground in oil 

Boiled oil 

Raw oil . 

Spirits of tnrpentine 

Turkey umber 

Lamp-black 



Lackers for Cast Iran. 

1. — ^Black lead, pulverised 

Red lead . . . . . 

Litharge 

Lamp-black 

Linseed oil 



78 
9.5 
9.5 
3 

0.5 
0.96 



19 
6 

6 






V 
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9.— Anti-corromoD 40 Um. 

Grant's black, groond in ofl . . 4 " 

Red lead, m a dlyer . 3 '' 

Linseed oil 4 gab. 

Spirits iarpentine I pint. 

Copal Varmsh. 

Garn copal, (in elean Inmps) . 96.5 

BoUed linseed oil 49.6 

Spirits torpentine 31 

Japan Vamish. 

litharge 4 

BofledoU 87 

Spirits iarpentine 9 

Red lead 6 

Umber I 

Gnmshellac 8 

Sugaroflead 9 

White Vitriol 1 

The proportions of the s^ove compositions are given for 100 
parts, by weicht, with the exception ol lucker 2. 

The beautmil black polish on the Berlin Castings for omamental 
purposes, is said to be produced by laying the lollowing compo- 
sition on the hot iron, and then balung it. 

Bitamen of India .0.6 

Resin 0.6 

Drying oil 1.0 

Copal, or amber Tarnish . .1.0 

Enough oil of turpentine is to be added to this mixture to make 
it spread. 

266. Fröm experiments made by Mr. Mallet, on the preserra- 
tive properties of paints and vamishes for iron iimnersed in water, 
it appears that caoutchouc vamish is the best for iron in hot 
water, and asphaltum varnish under all other circumstances ; but 
that boiled coal-tar, laid on hot iron, forms a superior coating to. 
either of the foregoing. 

267. Mr. Mallet recommends the foUowing compositions for a 
paint, termed by him zoofagous paint, and a varnish to be used 
to presenre zincked iron both from corrosion and from fouUng in 
sea water. 

Varnish for zincked Iron. 

To 50 Ibs. of foreign asphaltum, melted and boiled in an iron 
vessel for three or four hours, add 16 Ibs. of red lead and litharge 
ground to a fine powder, in equal proportions^ with 10 gals. of 
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drying linseed oil, and bring the whole to a nearly boiling tetn- 
perature. Melt, in a second vessel, 8 Ibs. of gum-aniin6 ; to 
which add 2 gals. of drying linseed oil at a boiling heat, with 12 
Ibs. of c&outchouc partially dissolved in coal-tar nsmhtha. Pour 
the Contents of die second vessel into the first, and boil the whole 

Srently, until the varnish, when taken up between two spatulas, is 
oundt to be tough and ropy. This coxnposition, when quite cold, 
is to be thinned down for use with from 30 to 35 gals. of spirits 
of turpentine, or of coal naphtha. 

2Q8. It is recommended that the iron should be heated before 
receiving this vamish, and that it should be applied with a spatula, 
or a flexible slip of hom, instead of the ordinary brush. 

When dry and hard, it is stated that this vamish is not acted 
upon by any moderately diluted acid, or alkali ; and^ by long im- 
mersion in water, it does not form a partially soluble hydrate, as 
is the case with purely resinous vamishes and oil paints. It can 
with difficulty be removed by a sharp-pointed tool ; and is so 
elastic, that a plate of iron corered with it may be bent sereral 
times before it will become detached. 

Zoofagous Paint. 

269. To 100 Ibs. of a mixture of drying linseed oil, red lead, 
sulphate of barytes, and a little spirits of turpentine, add 20 Ibs. 
of the oxychloride of copper, and 3 Ibs. of yellow soap and com- 
mon rosin, in equal proportions, with a little water. 

When zincked iron is exposed to the atmosphere alone, the var- 
nish is a sufficient protection for it ; but when it is immersed in 
sea water, and it is desirable, as in iron ships, to prevent it from 
fouling, by marine plants and animals attacning themselves to it, 
the paint should be used, on account of its poisonous qualities. 
The paint is applied over the vamish, and is allowed to harden 
three or four days before immersion. 



RESULTS OF EXPERIMENTAL RESEARCHES ON THE 
STRENGTH OF MATERIALS. 

270. Whatever may be the physical structure of materials, 
whether fibrous or granulär, experiment has shown that they all 
possess certain general properties, among the most important of 
which to the engineer are those of conU'action^ elongatum^ de- 
flectioriy törsioriy and lateral adhesion, and the resistances which 
these offer to the forces by which they are called into action. 
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271. AU solid bodies, when submitted to strains by which any 
of tliese properties are developed, have, within certain limits» 
t^med the limüs of elasticity, uie property of wholly orpartiall^ 
resuming their original State, when the strain is taken oft. This 
property is usually denominated the elastic forcBy and has for its 
measure, in the case of contraction, or elongation, the ratio be* 
cween the force which causes the one or the other of these states 
and the firaction which measures the degree of contraction, or 
dongation. 

272. To what extent bodies possess the property of total re- 
covery of form, when relieved firom a strain, is stiU a matter of 
doubt. It has been generally assumed, that the elasticity of a 
material does not undergo permanent injury by any strain less 
dian about one third of that which would entirely destroy its force 
of cohesion, thereby causing rupture. But from the most recent 
experiments on this point made by Mr. Hodgkinson on cast iron, 
it appears that the restoring power of this material is destroyed by 
yery sUght strains ; and it is rendered probable that this ana most 
other materials receive a permanent change of form» or set^ under 
any strain, however small. 

273. The extension, or contraction of a solid, may be effected 
either by a force acting in the direction in which the contraction, 

y^\ or elongation takesplace, or by one acting transversely, so as to 

bend the body. Experiments have been made to ascertain, di* 
rectly, the proportion between the amount of contraction, or elon- 
gation, and the forces by which they are produced. From these 
experiments, it results, that the contractions, or elongations are, 
within certain Umits, proportional to the forces, but that an equal 
amount of contraction, or elongation, is not produced by the same 
amount of force. From the experiments of Mr. Hodgkinson and 
M. Duleau, it appears, that in cast and malleable iron the con- 
traction, or elongation, caused by the same amount of pressure, 
or tension, is nearly equal ; while in timber, accordinff to Mr. 
Hodgkinson, the amount ot contraction is about four fifths of the 
elongation for the same force. 

274. When a solid of any of the materials used in construc- 
tibns is acted upon by a force so as to produce deflection, experi- 
ment has shown that Üie fibrös towards the concave side oi the 
bent solid are contracted, while those towards the convex side 
are elongated ; and that, between the fibres which are contracted 
and tliose which are elongated, others are found which have not 
undergone any change of length. The part of the solid occupied 
by these last fibres has received the name of the neutral line^ or 
neutral axis. 

275. The hypothesis usually adopted, with respect to the cir- 
cumstances attending this kind of strain, is that the contractions 
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and elongations of the fibres on each aide of the neutral axis are 

Sroportional to their distances from this line ; and that, for slight 
eflections, the neutral axis passes through the centre of ^avity 
of the sectional area. From experiments, however, by Mr. Hodg- 
kinson and Mr. Barlow, it appears that the neutral axis, in forged 
iron and cast iron, lies nearer to the concave than to the convex 
surface of the bent solid, and, probably, shifts its position when 
the degree of deflection is so great as to cause rupture. In tim- 
ber, according to Mr. Barlow, the neutral axis lies nearest to the 
convex surface ; and, firom his experiments on solids of forged 
iron and timber with a rectanffular sectional figure, he places the 
neutral axis at about three eighths of the depth of the section firom 
the convex side in timber, and between one third and one fifth of 
the depth of the section from the concave side in forged iron. 

276. When the strain to which a solid is subjected is suffi- 
ciently great to destroy the cohesion between its particles, and 
cause rupture, experiment has shown that the force producing 
this effect, whether it act by tension, so as to draw the fibres 
asunder, or by compression, to crush them, is proportional to the 
sectional area of the solid. The measure, thereiore, of the re- 
sistance offered by a solid to rupture, in either of these cases, is 
that force which will rupture a sectional area of the solid repre- 
sented by unity. 

277. From experiments made to ascertain the circumstances 
of rupture by a tensile force, it appears that the solid tom apart 
exhibits a surface of firacture more or less even, according to the 
nature of the material. 

278. 'Most of the experiments on the resistance to rupture 
by compression, have been made on small cubical blocks, and 
have given a measure of this resistance greater than can be de- 
pended upon in practical applications, when the height of the 
solid exceeds three times the radius of its base. This point has 
been very fully elucidated in the experiments of Mr. Hodg- 
kinson upon the rupture by compression of solids with circular 
and rectangular bases. These experiments go to prove, that the 
circumstances of rupture, and the resistance offered by the solid, 
Vary in a constant manner with its height, the base remaining the 
same. In columns of cast iron, with circular «ectional areas, it 
was found that the resistance remained constant for a height less 
than three times the radius of the base ; that, from this height to 
one equal to six times the radius of the base, the resistance still 
remained constant, but was less than in the former case ; and 
that, for any height greater than six times the radius of the base, 
the resistance decreased with the height. In the two first cases^ 
the solids were found to yield either by the upper portion sliding 
off upon the lower, in the direction of a plane making a constant 
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S;le iwith the azis of the solid ; or eke by separatiiig into coni* 
9 or wedge«-8haped blocks, haTing the upper and Iower surfacea 
of the solid as their bases, the angle at the apex being double that 
made by the plane and axis of the solid. W ith regaud to the re- 
sistances, it was found that they varied in the ratio of the area of 
the bases of the solids. Where the height of the solid was greater 
than siz times the radius of the base, rupture generally took place 
by bending. 

279. FriHO ezperiments by Mr. Hodgkinsony on wood and 
other substances, it would appear that like circumstances accom- 
pany the rupture of all matenals by compression ; that is, within 
certain limits, they all yield by an oblique surÜEU^e of fracture, the 
angle of which with the axis of the soUd is constant for the same 
material ; and that the resistances offered within these limits are 
proportional to the areas of the bases. 

2iB0. Among the most interesting deductions drawn by Mr. 
Hodgkinson, from the wide ränge of bis experiments upon the 
strength of materialsy is the one which points to the existence 
of a constant relation between the resistances offered by materials 
of the same kind to rupture firom compression, tension, and a 
transrerse strain. The followinff TcAle gives these relations, 
assuming the measure of the crushing force at 1000. 
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281. Strength of Stone. The marked difference in the 
structure, and in the proportions of the component elements fire- 

Suently observed in stone from the same quarry, would lead to 
le conclusion that corresponding variatigns would be found in 
the strength of stones belonging to the same class ; a conclusion 
which experiment has confirmed. The experiments made by 
different individuals on this subject, from not having been con- 
ducted in the same manner, and from the Omission in most cases 
of details respecting the structure and component elements of the 
material triea, have, in some instances, led to contradictory re- 
sults. A few facts, howover, of a general character have been 
ascertained, which may senre as guidcs in ordinary cases ; but 
in imp(»rtant structures, where heavy pressures are to be sus- 
tainedy direct experiment is the only saie course for the engineer 
to follow, in selecting a material from untried quarries. 
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282. Owing to the ease with which stones generaily break 
under a percussive forco, and from the comparatively slight re- 
sistance they offer to a tensile force, and to a transverse straini 
they are seldom submitted in structures to any other strain than 
one of compression ; and cases but rarely occur where this strain 
is not.greatly beneath that which the better class of building 
stones can sustain permanently, without undergoing any change 
in their physical properties. Where the durability of the stone, 
thereürare, is well ascertained, itmay be safely used without a re- 
sort to any specific experiment Bpon its strength, whenever, in 
its structure and general appearance, it resembles a material of 
the same class known to be good. 

283. The following Tabk exhibits the principal results of ex- 
periments made by Mr. G. Rennie, and published in the Philo- 
sophical Transactions of ISIS. The stones tried were in small 
cubes, measuring one and a half inches on the edge. The table 
gives the pressure, in tons, bome by each superficial inch of the 
stone at the moment of crushing. 



DStcRimoM or stoitb« 



Granites, 



Aberdeen, (blue) 

Peterhead 

Cornwall 



Sand'Stanes. 



Dundee 

Do. . . . 

Derby, (red andfriabte) 



Lime-stones, 

Marble, (white-veined Italian) 

Do. (white Brabant) 
Limerick, (black compact) 
Devonshire, (red marble) 
Portland stone, (ßne-grained oolite) 



Spee. gntvity. 



Cnuhingw'ght 



2.635 
2.663 



3.530 
3.506 
3.316 



3.736 
3.697 
3.598 

3.438 



4.83 
3.70 
3.83 



3.96 
3.70 
1.40 



4.32 

4.1P 

3.95 

3.31 

3.04 



The following results are taken from a series of experiments 
made under the direction of Messrs. Bramah & Sons, and pub- 
lished in Vol. 1, Transactions of the Institution of Civil En- 
gineers, The first column of numbers fives the weights, in tons, 
bome by each superficial inch when the stones conmienced to 
fracture ; the second colunm giyes the crushing weight, in tons, 
on the same surface. 
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»Bfcmimox or vroim. 



Granites 

Herme 

Aberdeen, (blue) 
Heytor . 
Dartmoor 
Peterhead, (red) 
Peterhead, {Uue gray) 



Sand'Stones. 



Torkshire 
Craiffleith 
Hambic 
Whitby . 



A w. weigliC pn>- 
docing Inctaiw. 




4.77 
4.13 
3.94 
3.53 
3.88 
3.86 



8.87 
1.89 
1.69 
1.00 



6.64 
4.64 
6.19 
5.48 
4.88 
4.36 



3.94 
3.97 
3.06 
1.06 



The following Table is taken from one published in Vol, 2, 
Civil Engineer and Architecfs Joumaly which forme a part of 
the Report on the subject of selecting stone for the New Houses 
of Parliament. The specimens submitted to experiment were 
cubical blocks measuring two inches on an edge. 





Specific giATity. 


Welght pffoda- 
clng flractiue« 


Onuhlnf w*|^ 


Sand'Stanes* 








Craigleith .... 
DarleyDale .... 

Heddon 

KentoQ 

Mansfield .... 


3.333 
3.638 
3.839 
3.347 
3.338 


1.89 
8.75 
0.88 
1.51 
0.88 


3.5 

3.1 

1.76 

3.81 

1.64 


Magnesian Lane^stone», 








BolsoTor 

Huddleetone .... 
RoeahAbbey .... 
PaJkNook .... 


3.316 
3.147 
3.134 
3.138 


3.31 
1.03 
0.75 
0.33 


3.75 
1.93 
1.73 
1.98 


Oolite». 








Ancaster ... 

Bath Box 

Portland 

Ketton 


3.183 
1.839 
3.145 
8.045 


0.75 
0.56 
0.95 
0.69 


1.04 
0.66 
1.75 
1.18 


lAme-stone», 








Bamack 

Chilmark, {süidous) 

HamhiU 


3.090 
3.481 
3.860 


0.50 
1.33 
0.60 


0.79 
3.19 
1.80 


- 









The numbers of the first column give the specific, gravities ; 
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^f 



. 1 the second column the weight in tons on a Square inch, 

i,he stone commenced to iracture ; and those in the third 

' ashing weight on a Square inch. 

\ 16 following Table exhibits the results of experiments on the 

itance of stone to a transverse strain^ made by Colonel Fasley, 

prisnls 4 inches long, the cross section being a Square of 2 

jhes on a side ; the distance between the points of support 

^ inches. 



BBMAimoii or m«B. 


Weight of stoM 
per cQtak Ibot 
LnllM. 


ATerege bieaklar 
weight in Ibe. 


1. Kentish Rag 

3. Yorkshire Landing 

3. Cornish granite . 

4. Portland 

5. Craigleith . 

6. Bath .... 

7. Well-burned bricka 

8. Inferior brieka . 








165.69 
147.67 
172.34 
148.08 
144.47 
133.58 
91.71 


4581 
3887 • 
3808 
2683 
1896 

666 

752 

329 



284. The conductors of the ezperiments on the stone for the 
New Houses of Parliament, Messrs. Daniell and Wheatstone» 
who also made a chemical analysis of the stones, and apphed to 
them Brard's process for testing their resistance to frost, have 
appended the following conclusions from their experiments: — 
^^ If the stones be divided into classes, according to their chemical 
composition, it will be found that in all stones of the same class 
there exists generally a close relation between their various phy- 
sical qualities. Thus it will be obserred that the specimen wnich 
has the greatest specific gravity possesses the greatest cohesire 
strength, absorbs the least quantity of water, and disintegrates 
the least by the process which imitates the effects of weather. 
A comparison of all the experiments shows this to be the general 
rule, though it is liable to individual exceptions." 

'' But tnis will not enable us to compare stones of different 
classes together. The sand-stones absorb the least quantity of 
water, but they disintegrate more than the magnesian lime-stones, 
which, considering their compactness, absorb a great deal." 

285. Rondelet, from a numerous series of eimeriments on the 
same subject, pubUshed in his work, Art de nätir^ has anived 
at like conclusions with regard to the relations between the 
specific gravity and strength of stones belonging to the same 
class. 

286. Among the results of the more recent experiments on this 
fiubject, those obtained by Mr. Hodgkinson, showing the relation 

10 
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betweenthe crushing, the tensile, and tlie transYerse strength of 
stone, have already been given. 

M. Vicat, in a memoir on the same subject, published in the 
Annales desPonts et Chaussies^ 1833, has arrived at an opposite 
conclusion from Mr. Hodgkinson, statin^, as the resijdts of bis 
experiments, that no constant relation exists between the crush- 
ing and tensile strength of stone in general, and that there is no 
other means of deteimining these two forces, but by direct ex- 
periment in each case. 

287. The influence of form on the strength of stone, and the 
circumstances attending the rupture of hard and soft stones, have 
been made the subject of particular ezperiments by Rondelet and 
Vicat. Their experiments agree in estabUshing the points that 
the crushing weight is in proportion to the area ol the base. 
Vicat States, more generally, that the permanent weights bome 
by similar solids oi stone, under like circmnstances, will be as 
the Squares of their homologous sides. These two authors agree 
on the point that the circular form of the base is the most favor- 
able to strength. They differ on most other points, and particu- 
larly on the manner in which the different kinds of stone yield by 
rupture. 

288. Practical Deductions. Were stones placed under the 
same circumstances in structures as in the eroeriments made to 
ascertain their strength, there would be no dimculty in assigning 
what fractional part ojf the weight which, in the comparatively 
short period usualiy siven to an experiment, will crush them, 
could be bome by mem permanently with safety. But, in- 
dependently of the accidental causea of destruction to which 
structures are exposed, imperfections in the material itself, as 
well as careless workmanship, from which it is often placed 
in the most un&tYorable circumstances of resistance, require to 
be guarded against. M. Vicat, in the memoir before-mentioned, 
States that a permanent strain of tVt ^^ ^^ crushing force of ex« 
periment, may be bome by stone without danger of impairing its 
cohesive strength, provided it be placed under the most favorable 
circumstances of resistance. This fraction of the crushing weight 
of experiment is greater than ordinary circumstances would jus- 
tify, and it is recommended in practice not to submit any stone 
to a greater permanent strain than one tenth of the crushing weight 
of experiments made on small cubes measuring about two inches 
on an edge. 

The following Table shows the permanent strain, and cmshing 
weight, for a Square foot of the stones in some of the most re- 
markable stmctures in Europe. 



A, 



STRKNGTH OF MATERIALS. 



75 





Pennanenf 
Btrain. 


Crushittg 
welght. 


Pillars of the dorne of St. Peter's, (Rome) 
Do. St. Pattl's, (London) 
Do. St. Genevi^ve, (Parti) 
Do. Church of Toussaint, (Angers) . 

Lower courses of the piers of the Bridge of Neuilly 


33330 
39450 
60000 
90000 
3600 


536000 
537000 
456000 
900000 
570000 



The stone employed in all the stxuctures enumerated in the 
Table, is some variety of lime-stone. 

289. ^ocpansion oj Stone from Heat. Experiments have been 
made in this countiy by Prof. Bartlett, and in England by Mr. 
Adie, to ascertain the expansion of stone for every degree of 
Fahrenheit. The expeiiments of Prof. Bartlett give the foUow* 
ing results : 



Granite expands for every degree 
M^rWe •• " 

Sand-stone '* ^' 



.000004825 
.000005668 
.000009532 



TcAle ofthe Expansion of Stone^A^.^from the Experiments of 
Alexander /. Adie,Civil Engineer, Edinburgh, 



VMCBimolf er itoiib. 


Deeimaloran 
inch on U 
ineliM for 
ISO» F. 


lanrtk for 
180» r. 


DMimal of 
leneth te 


Eanuurki. 


1. Roman eement . 

8. SleUlan white marfole . | 

3. Canrara marble 

4. Sand-stone, (CraigMth) 
5.8late,(fF«{cA) . . . 

6.Redpanite,(PctarJbMi) 1 

7. Arbroath pavement 

8. Caithneaa pavement 

9. Green-fltone, (Ratke) . 

10. Gny granite, (Aberdua) 

11. Best stock brick . . 
13. Fire brick .... 
13. Black mart>le, (CMwy) 


.0935398 

.0853046 

.0874344 

.0150405 

.0870003 

.ltt38S50 

.0330416 

.0306866 

.0306653 

.0805788 

.0186043 

.01815605 

.0186543 

.0113334 

4)108304 


.0014349 

.0014147 

MUOiU 

.0011938 

.0006530 

J0O11743 

.0010376 

U)00B583 

.0008068 

.0008085 

M0BM7 

.0008089 

.00078943 

.0005508 

.0004888 

.00044510 


J00000750 

Moofrm 

.00000613 
.OOOOOOfS 
.00000363 
.00000668 
.00000578 
.00000533 
.00000406 
X0000499 
.00000497 
.00000449 
J00000438 
.00000306 
.00000874 
410000347 


( One experiment, (mm«<.> 

Mean of throe, (thy.) 
i One experiment, {motH,) 
\ Mean of two, (dry.) 

Mean of foor experiments. 

Mean of throe do. 
( One experiment, (maut.} 
) Meanoftwo, (dry.) 

Mean of fonr experiments. 

Mean of throe do. 

Mean of throe do. 

Meanoftwo do. 

Meanoftwo do. 

Meanoftwo do* 

Mean of throe do. 

..... .... ; 



290. Strenoth op Mortars. A very wide ränge of experi- 
ments has been made, within a few years back, by engineers both 
at home and abroad, upon the resistance ofiered by mortars to a 
transversal strain, with a view to compare their qualities, both as 
regards their constituent elements and the processes foUowed in 
their manipulation. As might naturally have been anticipat^d» 
these experiments have presented very diversified, and, in many 
instances, contradictory results. The general conclusions, how- 
ever, drawn from them, have been nearly the same in the majority 
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of cases ; and they furnish the engineer with the most reliable 
guides in this important branch of ms ari. 

291. The usual method of conducting these experiments has 
been to subject small rectangular prisms of mortar, resting on 
points of Support at their extremities, to a transversal strain ap- 
plied at the centre point between the bearinffs. This, perhaps, 
is as unexceptionable and convenient a method as can be loUowed 
for testinff the comparative strength of mortars. 

292. M. Yicat, in the work a&eady cited, gives the following 
as the average resistances on the Square inch offered by mortars 
to a force of traction ; the deductions being drawn firom experi- 
ments on the resistance to a transversal stram. 

Mortars of very strong hydraulie Urne 
'* ordinary do. 

^' mediam do. 

** common lime 

" do. (bad quality) 

These experiments were made upon prisms a year old, which 
had been exposed to the ordinary changes of weather. With re- 

fard to the best hydraulie mortars of the same age which had 
een, during that same period, either immersed in water, or 
buried in a damp position, M. Vicat states that their average 
ienacity may be estmiated at 140 pounds on the Square inch. 

293. General Treussart, in his work on hydraulie and conunon 
mortars, has given in detail a large number of experiments on the 
transversal strength of artificial hydraulie mortars, made by sub- 
mitting small rectangular parallelopipeds of mortar six inches in 
length, and two inches Square, to a transversal strain applied at 
the centre point between the bearings, which were four inches 
apart. From these experiments he deduces the following prac- 
tical conclusions. 

That when the parallelopipeds sustain a transversal strain vary- 
ing between 220 and 330 pounds, the correspondin^ mortar will 
be suitable for common gross masonry ; but that for important 
hydraulie works the parallelopipeds should sustain, before yield- 
ing, from 330 to 440 pounds. 

294. The only published experiments on this subject made in 
this country are those of Colonel Totten, appended to his transla- 
tion of General Treussart's work. The results of these experi- 
ments are of peculiar value to the American engineer, as they 
were made upon materials in very general use on the public 
works throufrhout the country. 

From thefe experiments Molenei Totten deduces the foUowing 
general results : 

Ist. That mortar of hydraulie cement and sand is the stronger 
and haider as the quantity of sand is less. 
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2d. That common mortar is the strongei and harder as the 
quantity of sand is less. 

3d. That any addition of common lime to a mortar of hydraulic 
cement and sand weakens the mortar, but that a litde lime may 
be added without any considerable diminution of the strength of 
the mortar, and with a saving of expense. 

4th. The strength of common mortars is considerably improred 
by the addition of an artificial puzzolana, but more so by the ad- 
dition of an hydraulic cement. 

5th. Fine sand generally gives a stronger mortar than coarse 
sand. 

6th. Lime slakäd by sprinkling gave better results than lime 
slaked by drowning. A few experiments made on air-slaked lime 
were unlaTorable to that mode of slaking. 

7th. Both hjdraulic and common mortar yielded better results 
when made with a small quantity of water than when made thin. 

8th. Mortar made in the mortar-mill was found to be superior 
to that mixed in the usual way with a hoe. • 

9th. Fresh water gave better results than salt water. 

295. Strength of Concrete and Beton. From experiments 
made on concrete, prepared according to the most approved pro- 
cess in England, by Colonel Pasley, it appears that this material 
is very inferior in strength to good brick, and the weaker kinds 
of natural stones. 

From experiments made by Colonel Totten on beton, the fol- 
lowing conclusions are drawn : 

That beton made of a mortar composed of hydraulic cement, 
common lime, and sand, or of a mortar of hydraulic cement and 
sand, without hme, was the stronger as the quantity of sand was 
the smaller. But there may be 0.50 of sand, and 0.25 of com- 
mon lime, without sensible deterioration ; and as much as 1 .00 of 
sand, and 0.25 of lime, without great loss of streng. 

Beton made with just sufficient mortar to fill uie void Spaces 
between the fragments of stone was found to be less strong than 
that made with double this bulk of mortar. But Colonel Totten 
remarks, that this result is perhaps attributable to the difficulty 
of causiiig so small a quantity of mortar to penetrate the voids, 
and unite all the fragments perfectly, in experiments made on a 
small Scale. 

The strengest beton was obtained by using quite small frag- 
ments of brick, and the weakest from small, rounded, stone gravel. 

A beton forroed by pourins grout among fragments of stone, or 
brick, was inferior in strengm to that made in the usual way with 
mortar. 

Comparing the strength of the betons on which the experi- 
ments were made» which were eight months old when tried, with 
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that of a sample of sound red sand-sUme of good qaality, it ap» 
pears that the strongest prisms of beton were caily half as streng 
as the sand*8toiie. 

296. Strengte of Timber. A wide ränge of experiments 
has been made on the resistance of timber to compression, ex- 
tension, and a transyerse strain, presenting very variable results. 
Among the most recent, and which command the greatest confi- 
dence from the ability of their authors, are those of Professor 
Barlow and Mr. Hodgkinson : the former on the resistance to 
extension and a transrerse strain; the latter on that to com- 
pression. 

297. Resistance to Extension. The foUowing Table exhibits 
the specific gravity, and the mean resistance per Square inch of 
various kinds of timber, from the eiqseriments of Prof. Barlow. 



»■■GKimoii or TDusm. 



Maas strength c€ 
eohesioD per 
■qnaraiiieh. 



Ash, (En^lish) . 
Beech, do. 
Box 

Deal, (Christiana) 
Do. (Memel 
Elm . 

Fir, {New England) 
Do. (Riga) . 
Do. {Mar Forest) 
Larch, {Scotch) . 

LoCQSt 

Mahogany . 
Norway spars 

Oak, {English) . 

Do. {Äfrican) 
Do. {Adriatic) 
Do. {Canadian 
Do. (Dantzicy 
Fear . . \ 
Pooo . 
Pine, {pitch) 
Do. (red) . 
Teak . 



£ 



from 



0.760 
0.700 
I.OOO 
0.680 
0.590 
0.540 
0.550 
0.750 
0.700 
0.540 
0.950 
0.637 
0.580 
0.700 
0.900 
0.980 
0.990 
0.873 
0.760 
0.646 
0.600 
0.660 
0.660 
0.750 



17000 
11500 
20000 
11000 
11000 

5780 
12000 
12600 
12000 

7000 
20580 

8000 
12000 

9000 
15000 
14400 
14000 
12000 
14500 

9800 
14000 
10500 
10000 
15000 



298. But few direct experiments have been made upon the 
elongations of timber from a strain in the direction of the fibres. 
From some made in France by MM. Minard and Desormes, it 
would appear that bars of oak having a sectional area of one 
Square inch, will be elongated .001176 of their length by a strain 
of one ton* 
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299. Resistance to Compression, The following Table ex- 
hibits the results obtained by Mr. Hodgkinson firom experiments 
on short cylinders of tilnber with Äat ends. The diameter of 
each cylinder wa« one inch, and its height two inches. The re- 
sults, in the first column, are a mean firom about three experiments 
on timber moderately dry, being such as is used for makins 
modeis for castings ; those in the second column were obtained, 
in a like manner, from similar specimens, which were tumed and 
kept dry in a warm place two months longer. A comparison of 
the results in the two columns, shows the effect of drying on the 
strength of timber ; wet timber not having half the strength of 
the same when dry. The circumstances of rupture were the 
same as already stated in the general obsenrations under this 
head ; the height of the wedge which would slide ofF in tim- 
ber being about half the diameter, or thickness of the specimen 
crushed. 



BMCumoii or woo». 



Alder 

Ash 

Baywood . • . • . 

Beech 

Birch, (American) 

Do. (English) .... 

Cedar 

Orab .....•« 

Red deal 

White deal 

Eider. . . . . . 

Elm 

Fir, (spruce) .... 

Hornbeam 

Mahogany . . . 

Oak, {Quebec) .... 

Do. (English) .... 

Do. (DantziCf very dry) 

Pine, {vitch) .... 

Do. fyeüaWffuU ofturpentine) . 

Do. (red) 

Poplar 

Plum, (wet) .... 

Do. (dry) .... 

Sycamore . . . . ' . 

Teak 

Larch, (fallen two months) . 

Walnut 

WiUow . . . , 



Strength per sqnare inch 


6831 


6960 


8683 


9363 


7618 


7518 


7733 


19363 


3297 


11663 


3297 


6402 


6674 


5863 


6i99 


7148 


5748 


6586 


6781 


7293 


7451 


'9973 


— 


10331 


6499 


6819 


4533 


7289 


8198 


8198 


4231 


5982 


6484 


10058 


— 


7731 


6790 


6790 


5375 


5445 


5395 


7518 


3107 


5124 


3654 


— 


8241 


to 1049 


7082 


— 


— 


12101 


3201 


5568 


6063 


7227 


2898 


6128 



300. Resistance of Square Pillars. Mr. Hodgkinson has 
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made a number of inraluable experSnento on the strength of 
piÜars of timber, and of columns of iron and steel, and firom 
them has deduced formulae for calcultfting the pressure which 
they will support before breaking. The experiments on timber 
were made on pillars with flat ends. The foUowing are the for- 
mulae from which their strength may be estimated. 

. Calling the breaking weight in Ibs. W. 

'' the side of the Square base in inches d. 
" the length of the pillar in feet /. 

Then for long columns of oak, in which the side of the Square 
base is less than ^V^^ ^^ height of the column ; 

W = 24542 y. 

and for red deal, 

W= 17511 -p. 

For shorter pillars, where the ratio between their thickness and 
height is such that they still yield by bending, the strength is es« 
timated by the foUowing formula : 

Calling the weight calculated firom either of the preceding for* 
mulae, W. 

Calling the crushing weight, as estimatedv firom the preceding 
Table, W. 

Calling the breaking weight in Ibs., W. 

Then the formula for the strength is 

WW 

W" — 

In each of the preceding formulae d must be taken in inches, 
and l in feet. 

301. Resistance to Transverse Strains. As timber, firom the 
purposes to which it is apphed, is for the most part exposed to a 
transverse strain, the far greater number of expenments nave been 
made to ascertain the relations between the strain, the deflection 
caused by it, and the linear dimensions of the piece subjected 
to the strain. These relations have been made the subject of 
mathematical investigations, founded upon data derired firom ex^ 
periment, which will be giyen in the Appendix. The foUowing 
Table exhibits the results of experiments made upon beams having 
a rectangular sectional area, which were laid horizontally upon 
Supports at their ends, and subjected to a strain applied at the 
middle point between the Supports, in a vertical direction. 

For a more convenient application of the formulae to the results 
of the experiments, the notation adopted in the preceding Art. 
wiU be here given. 
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Call the transverse force necessary to break the beam in Ibs., W. 
" the distance between the supports in inches, /. 

the horizontkl breadth of the sectional area in inches, 6. 
the vertical depth " " " d. 

the deflection arising firom a weight w in inches,/. 

TMe of Experiments with iheforegoing Notation. 



ii 



it 



ii 



ii 





Specific 


""T 


^*Jr 


^s- 


Valae 
of 


Valoe 
of 


Valoe 
of 


Authon of ex- 




gnv. 


i. 


6. 


d. 


/• 


10. 


w. 


penmeDto. 






InchM. 


InehM. 


InehM. 


Inehet. 


Ib«. 


\u. 




Oak,{Engliah) . . . 


J»4 


81 


2 


3 


1.280 


300 


637 


Prof. Bailow. 


Do. (GBiMdMn) . . 


.873 


84 


3 


3 


1.080 


325 


673 


u 


Piiie, {Jimerium) 


- 


84 


3 


3 


0.931 


150 


— 


(4 


Oak, (£iv^»*) . . . 


- 


ao 


1 


1 


OJS 


137 


- 


Tredgold. 


White spraee, (CsMulum) 


.465 


S4 


1 


1 


0.5 


180 


385 


*« 


White pine, (j9«m«m) . 


.455 


85^ 


3.75 


5.55 


0.177 


777 


5180 


Llent Brown. 


Black spnice, do. 


.490 


85.S 


3.75 


5.55 


0.177 


893 


5646 


«t 


floQthern (rine, de. 


.872 


85.3 


3.75 


5Ji4 


0.177 


1175 


9S37 


u 



302. Resistance to Detrusion. From the experiments of Prof. 
Barlow, it appears that the resistance offered by the lateral adhe- 
sion of the nbres of fir, to a force acting in a direction parallel to 
the fibres, may be estimated at 592 Ibs. per Square inen. 

Mr. Tredgold gives the following as the results of experiments 
on the resistance offered by adhesion to a force appliea perpen- 
dicolarly to the fibres to tear them asunder. 



Oak .2316 Ibs. per Square inch. 

Poplar . . 1782 " " 

Larch, 970 to 1700 " ** 



303. Strength of Gast Iron. The most recent experiments 
on the strength of this material are those of Mr. Hodgkinson. 
Those, particularly, made by him on the subject of the strength 
of columns, and the most suitable form of cast-iron beams to sus- 
tain a transversal strain, have supplied the engineer and architect 
with the most valuable guide in adapting this material to the 
various purposes of structures. 

304. Resistance to Extension. From a few experiments made 
by Mr. Rennie and Captain Brown, the tensile strength of cast 
iron varies from 7 to 9 tons per square ihch. 

The experiments of Mr. Hodgkinson upon both hot and cold 
blast iron give the tensile strength from 6 to 9J tons per Square 
inch. 

From some experiments made on American cast iron, under 
the direction of the Franklin Institute, the mean tensile strength 
is 20834 Ibs., or 9\ tons per square inch. 

305.' Resistance to Compression, The general circumstances 
attending the rupture of this material by compression, drawn £rom 

11 
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the experiments of Mr. Hodgkinson, have already been given. 
The angle of the wedge resulting from the rupture is about 55°. 

The mean crushing weight derived from experiments upon 
short cylinders of hot blast iron was 121,685 Ibs., or 54 tons 6^ 
cwt. per Square inch. 

That on short prisms of the same, with Square bases, 100,738 
Ibs.y or 44 tons 19| cwt. per Square inch. 

That on short cylinders of cold blast iron was 125,403 Ibs., or 
55 tons 19| cwt. per Square inch. 

That on short prisms of the same, having other regulär figures 
for their bases, was 100,631 Ibs., or 44 tons 18| cwt. per Square 
inch. 

Mr. Hodgkinson remarks with respect to the forms of base 
differing from the circle : '' In the otner forms the difference of 
strength is but little ; and therefore we may perhaps admit that 
difference of form of section has no influence upon the power of 
a short prism to bear a crushing force." 

In remarking on the circumstances attending the rupture, Mr. 
Hodgkinson farther obsenres : ^* We may assume, therefore, 
without assignable error, that in the crushing of short iron prisms 
of various forms, longer than the wedge, the angle of fracture will 
be the same. This simple assumption, if admitted, would prove 
at once, not only in this material, but in others which break in the 
same manner, the proportionality of the crushing force in different 
forms to the area ; since the area of fracture would always be 
equal to the direct transverse area multiplied by a constant quan- 
tity dependent upon the material." 

Table exhibiting the Ratio of the Tensile to the Compressive 
Forces in Cast Irortyfrom Mr, HodgkinsorCs Experiments, 



DMCftlPTXOM OF MBTAX.. 


Compressive force 
per Square inch. 


Tensile force per 
Square inch. 


Raüo. 


Devon iron, No. 3. Hot blast 
Buffery iron, No. 1. Hot blast 

Do. « Cold blast 
Coed-Taleniron,No. 2. Hot blast 
Do. " Cold blast 
Carron iron, No. 2. Hot blast 

Do. " Cold blast 
Carron iron, No. 3. Hot blast 

Do. " Cold blast 


145,435 

86,397 

93,385 

82,734 

81,770 

108,540 

106,375 

133,440 

115,442 


21,007 
13,434 
17,466 
16,676 
18,855 
13,505 
16,683 
17,755 
14,200 


6.638 

6.431 

5.346 

4.961 

4.337 

8.037 , 

6.376 

7.515 

8. 129 . 





306. Resistance of Cylindrical Columns, The experiments 
under this head were made upon solid and hollow columns, both 
ends of which were either flat or rounded, lixed or loose, or one 
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end flät and the other rounded. In the case of columns with 
rounded ends, the pressure was applied in the direction of the 
axis of the column. 

The foUowing extracts are made from Mr. Hodgkinson's paper 
on this subject, pubhshed in the Report ofthe British Association 
oflS^O. 

" Ist. In all long pillars of the same dimensions, the resistance 
to crushing by flexure is about three times greater when the ends 
of the pillars are flat, than when they are rounded. 

" 2a. The strength of a pillar, with one end rounded and the 
other flat, is the arithmetical mean between that of a pillar of the 
same dimensions with both ends round, and one with both ends 
flat. Thus, of three cylindrical pillars, all of the same length 
and diameter, the first naving both its ends rounded, the second 
with one end rounded and one flat, and the third with both ends 
flat, the strengths are as 1, 2, 3, nearly. 

"3d. A long, uniform, cast-iron pillar, with its ends firmly 
fixed, whether by means of discs or otherwise, has the same 

Eower to resist breaking as a pillar of the same diameter, and 
alf the length, with the ends rounded or tumed so that the force 
would pass through the axis. 

" 4th. The experiments show that some additional strength is 
^yen to a pillar by enlarging its diameter in the middle part ; this 
mcrease does not, however, appear to be more than one seventh, 
or one eighth of the breaking weight. ' 

" 5th. The index of the power of the diameter to which the 
strength of long pillars with rounded ends is proportional, is 3.76 
nearly, and 3.55 in those with flat ends, as appeared firom the re- 
sults of a great number of experiments ; or the strength of both 
may be taken as the 3.6 power of th^ diameter nearly. 

'' 6th. In pillars of the same thickness, the strength is inversely 
proportional to the 1 .7 power of the length nearly. 

'^ Thus the strength of a solid pillar with rounded ends, the 

fjps 
diameter of which is d, and the length /, is as -^." 

" The absolute strength of solid pillars, as appeared from the 
experiments, are nearly as below. 
In pillars with rounded ends, 

Strength in tons = 14.9 -=j. 

In pillars with flat ends, 

Strength in tons = 44.16 ■=^. 

In hoUow pillars nearly the same laws were found to obtain ; 
thus, if D and d be the externa! and internal diameters of a pillar 
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whoee length is l, the strength of a hoUow cylinder of wbkh the 
ends were moYeable (as in the cotmecting rod of a steam-engiiie) 
would be expressed by the formula below. 

Strength in tons = 13 j;^^ . 

In hollow pillars, whose ends are fiat, we had from experiment 
as before, 

St^ngth iB ton» = 44.3 —p:r- 

The fomrahe above apply to aQ pillara whose lengdi is noi 
less than aboat thirty times the eztemal diameter; Tor pillan 
shorter than this, it is necessary to have Tecourse to the * for- 
mula/ given under the head of Strbngth of Timber, for short 
pülars of timber, substituting for W and W in that formula, the 
proper values applicable to cast iron/' 

307. Simäar Pülars. ''In similar pillars, or those whose 
length is to the diameter in a c<mstant proportion, the strength is 
nearly as the Square of the diameter, or of any other linear di* 
mension ; or, in other woids, the strength is nearly as the area 
of the transrerse section.'' 

" In hollow pillars, of greater diameter at ime end than the 
other, or in the middle than at the ends, it was not found* that 
any additional strength was obtained orer that ot cyhiidrical 
pillars." 

'' The strength of a pillar, in the form of the connecting rod of 
a steam-engine," (that is, the transrerse section presenting the 
iigure ot a cross +,) '* was found to be very smaU, perhaps not 
half the strength that the same metal would nare given if cast in 
the form of a uniform hollow cylinder.'' 

^' A pillar irregukrly fized, so that the pressure would be in 
the direction of the diagonal, is reduced to one third of its strength. 
Pälais fized at one end and moveable at the other, as in those ilat 
at one end and rounded at the other, break at one third the length 
firom the moreable end ; therefore, to econoroize the metal, they 
should be rendered stronger there than in other parts." 

308. Long-continued Pressure on Pillars, "To determine 
the eflfect of a load lying constantly on a pillar, Mr. Fairbairn had, 
at the writer's suj^estion, four piUars cast, all of the same length 
and diameter. The first was loaded with 4 cwt., the second 
with 7 cwt., the third with 10 cwt., and the fourth wiüi 13 cwt. ; 
this last load was ^Vt of what had previously broken a pillar of 
the same dimensions, when the weigot was carefully laid on with- 
out loss of time. The pillar loaded with 1 3 cwt. bore the weight 
between fire and six months, and then broke." 

309. General ProperHes of Pülars. " In pillars of wrought 
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ifony Steel, «nd timber, the same laws, with respect to roanded 
tnd flat ends, were found to obtain, as had been shown to exist 
in cast iron.*' 

" Of rectanffular pillars of timber, it was proved ezperimental- 
ly that the pillar of greatest strength of the same material is a 
Square." 

310. Comparative Strengihs of Cast Iron, Wrought Iron, 
Steel^ and Timber, 

" It resulted from the experiments upon pillars of the same 
dimensions but of diflferent materids, that if we call the strength 
of cast iron 1000, we shall have for wrought iron 17^5, cast steel 
2518, Dantzic oak 108.8, red deal 78.5.'^ 

311. Resistance to Transverse Strains. The following Tables 
and deductions are drawn from the experiments of Messrs. Hodg- 
kinson and Fairbaim, on hot and cold blast iron, as published in 
their Reports to the British Associatidh in 1837. 

TaM^exhänting the results of experiments hy Mr, Hodgkinson 
onbars ofhot blast iron 5 feet longy with a rectangular sec- 
tional area ; the bars resting horizontally on props 4 feet 6 
inches apart ; the weight oeing applied at the nnddle of the 
bar. 



1. 



Rectanfular bar, 
IM tneh broad, 
IM ** deep. 
Weicht ortar,Ulbi. 9 



A 



16 

33 

30 

56 

113 

334 

336 

448 

460 



.037 
.053 
.070 
.133 
.371 
.588 
.940 
1.360 
broke 




▼inUe 



.0011 

.003 

.008 

.037 

.087 

.161 



mtliMti defleetloii 
1.444 iBGhes. 



EzrasiMBirr 13. 

Rectancalar liar, 
IjOS Inehet iKoed, 
SÜD ** Meep. 



A 


A 


1^ 


ll 


i 


r 


1474 


.. 


1605 


.130 


1866 


.156 


3136 


.185 


3388 


.313 


2649 


.343 


3910 


.373 


3173 


.307 


3433 


.340 


3694 


.378 


3956 


broke 



I 

A 



.001 
.003 
.006 
.010 
.013 
.017 
.033 
.030 
.038 
.050 



UldiMte defleelloB 
.416 lach. 



ExnmniBiiT 14. 

Bectanffnlur bar, 

ijQt ioebes broad, 

AM " deep. 

Weicht 78 Ibs. 



d 


A 




P 


5867 


.187 


6796 


.153 


7730 


.177 


8661 


.307 


9593 


.335 


10534 


.375 


11087 


broke 


- 


— 



I 

A 

d 



.01 



.03 



Ultlnate 
JBSfoeh. 
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Restdts of experimenU^ by the same, on the transverse strength of 
cold blast vron ; length of barsy and distance between thepoints 
of Support the same as in ttie preceding Table, 



EzrEEiMBirr 1. 


EzraBumr IS. 


EzrBEUKBHT 13. 


leetugolur bar, 
IJISSliiehdeeis 
IJM» '• broul. 
Welgbt, U llM. 6 OS. 


RaetaBcnlMT bar, 

SjOO iacbM daepi 

IJB » broad. 

Wolfht, 48 Jbs. 8 OS. 


Bactansolar bar, 
4 J6 IbcEm deep, 
140 ** broad. 

Walght, 78 lb8. 


¥ 




II 




M 


5l 


¥ 




• 


16 


.033 


Yuible 


. 1082 


.091 


.003 


4936 


.110 


.013 


30 


.062 


increased 


1343 


.111 


.006 


5867 


.130 


— 


56 


.120 


.002 


1605 


.138 


.008 


6798 


.153 


.020 


112 


.240 


.007 


1866 


.164 


.010 


7730 


.179 


.025 


168 


.370 


.014 


2126 


.190 


.012 


8662 


.195 


— 


224 


.510 


.028 


2388 


.220 


.015 


9593 


.219 


.034 


280 


.649 


.041 


2649 


.250 


.019 


10525 


.250 


.042 


336 


.798 


.061 


2910 


.281 


.026 


10588 


broke 


— 


392 


.953 


.084 


3172 


.310 


.031 


- 


- 


- 


448 


1.120 


.120 


3433 


.345 


.037 


— 


— 


— 


504 


1.310 


.170 


3694 


.378 


.046 


- 


- 


— 


514 


itbore 


— 


3825 


broke 


- 


- 


— 


- 


518 


broke 


— 


— 


— 


— 


— 


— 


— 


Ultimate deflecttm 
1.36 lach. 


Ultiinate deflectloa 
OJMiach. 


UlÜmate deflectton 

assa. 



312. The foUowing remarks are extracted firom the same Re- 
port : '^ I had remarked« in some of the experiments, that the 
elasticity of the bars was injured much earlier than is generally 
conceived ; and that instead of its remaining perfect tili one third, 
or upwards, of the breaking weight was laid on, as is generally 
admitted by writers, it was evident that ^th, or less, produced in 
some cases a considerable set or defect of elasticity ; and judging 
firom its slow increase afterwards, I was persuaded that it nad not 
come on by a sudden change, but had existed, though in a less 
degree, firom a very early period." 

" From what has been stated aboye, deduced firom experiments 
made with great care, it is evident that the maxim of loading 
bodies within the elastic limit, has no foundation in nature ; but 
it will be considered as a compensating fact, that materials will 
bear for an indefinite period a much greater load than has hitlierto 
been conceived." 

313. "We may admit," firom the mean results, "that the 
strength of rectangular bars is as the Square of the depth." 
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. 314. Effects of time upon the deflectians caused hy a perma" 
nent load on the middle of horizontal bars. 

The foUowing Table exhibits the results of Mr. Fairbaim's ex* 
periments on this point. The experiments were made on bars 
5 feet long, 1.05 inch deep ; the one of cold blast iron, 1.03 inch 
broad ; the other of hot blast, 1.01 broad ; distance between the 
points of Support 4 feet 6 inches. The constant weight sus- 
pended at the centre of the bars was 280 Ibs. This weight re* 
mained on from March llth, 1837, to June 23d, 1838. 



Cold blast iron. 
Deflection in 
inches. 


Dato of Observation. 


Temp. 


Hot blast iron. 
Deflection in 
inches. 


Ratio of increase of 
deflections. 


.030 
.963 


March llth, 1837, 
June 23d, 1838, 


78» 


1.064 
1.107 


•>aa t 


.033 


Increase, 


- 


.043 


1000 : 1303 



315. Mr. Fairbaim in his Report jemarks on the above and 
Uke results : '' The hot blast bar in these experiments being more 
deflected than the cold blast, indicates that the particles are more 
extended and compressed in the former iron, with the same 
weight, than in the latter. This excess of deflection may in some 
degree account for the rapidityof increase, which itwill be observed 
is considerably greater in the hot than in the cold blast bar.'* 

'^ It appears from the present State of the bars, (which indicate 
a slow but progressive increase in the deflections,) that we must 
at some period arrive at a point beyond their bearing powers ; or 
otherwise to that position which indicates a correct adjustment 
of the particles in equilibrium with the load. Which of the two 
points we have in this instance attained is difficult to determine : 
sufficient data, however, are adduced to show that the weights 
are considerably beyond the elastic limit, and that cast iron will 
Support loads to an extent beyond what has usually been consid- 
ered safe, or beyond that point where a permanent set takes place.*' 

316. Effects of Temperature. Mr. Fairbaim remarks : " The 
infusion of heat into a metallic substance may render it more 
ductile, and probably less rigid in its nature ; and I apprehend it 
will be found weaker, and less secure under the efiects of heavy 
strain. This is observable to a considerable extent in the expen- 
ments" on transverse strength "ranging from 26" up to 190° Fahr.** 

" The cold blast at 26** and 190", is in strength as 874 : 743, 
The hot blast at 26** and 190*, is in strencth as 811 : 731, 
being a diminution in strength as 100 : 85 for the cold blast, and 
100 to 90 for the hot blast, or 15 per cent. loss of strength in the 
cold blast, and 10 per cent. in the hot blast.** 

" A number of the experiments made on No. 3 iron have given 
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«xir a oidi naiy and not unfreqoendy nneiqiecled lesahs. Gener* 
ally speakingy it is an iron et an iiregular chander, and presents 
leas onifannitjr in ito texture than eitber tbe firat or second quali- 
lies ; in other respects it is moie letentive, and is often used for 
givinff strength and tenacity to the finer metals." 

** At 212* we have in the No. 3 a much greater wei^t sua- 
tained than what is indicated by the No. 2 at 190° ; and at 600* 
there appears in both bot and cold blast the anomaly of incieased 
strength as the tempeiature is advanced from boiling water to 
melted lead, arising m>m the greater strength of the No. 3 iron.** 

317. Inßuence of Form in Cast Iron upon the Transverse 
Strength of Beams, Upon no point, respecting the strength of 
cast iron, have the experiments of Mr. Hodgkinson led to more 
▼aluable results to the engineer and architect, than upon the one 
nnder this head. The foUowing Tables give the results of experi- 
ments on bars of a uniform cross section, (thus T>) cast from hol 
and cold blast iron. The bars were 7 feet long» and placed, for 
breaking, on supports 6 feet 6 inches asunder. 

Table exhänting the results o/* experiments on bars ofhot blast 
iron of the form of cross section as above. 



ExnUMBHT 4. 




Bwfefokn 


i^^^^ asihowB 


Bar Irokee ^^^^ ae ahews 


wlth the rib downwud. 


wlth the rib upwni. 




ileetkm 
lachet. 


u 
« 




H 


1 


1 


&s 




^ 


l-S 




7 


.015 


viaUe 


7 


-. 


notviable 


14 


.033 


.001 


14 


.035 


VMible 


31 


.046 


.003 


31 


.045 


.003 


28 


.064 


.004 


38 


.065 


.003 


56 


.130 


.005 


56 


.134 


.005 


112 


.273 


.020 


113 


.270 


.015 


168 


.444 


.035 


234 


.580 


.058 


834 


.618 


.058 


336 


.895 


.101 


380 


.813 


.003 


448 


1.334 


.155 


336 


1.030 


.130 


560 


1.585 


.335 


364 


broke 


— 


673 


1.985 


.330 


— 


— 


— 


784 


3.410 


.490 


.- 


— 


— 


896 


3.450 


.733 


-. 


- 


- 


1008 


4.140 


1.040 


— 


— 


» 


1064 


— 


— 


- 


- 


- 


1120 


broke 


- 


Ulitwile« 


leflactkn 1 J38 inchee. 


Fnctare cevaed bv e wedfe SJ8 
inches loof eaa 1j05 deep, of 










thU fonn 

Umma 


k ^ ilying 






ite deflectioa 4.BS0. 
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Note, The annexed diagram shows the 
form of the uniform cross section of the 
bars. The linear dimensions of the crosa 
section in the two experiments were as fbl*> 
lows: 



D B 



Length of parallelogram AB 5 idches' 

Depth '' AB 0.30 

Total depth of bar . CD 1.55 

Breadthofrib ... DE 0.36 






it 



i .'5 inches 

^^P*-*- 1.56 " 
. . 0.365 " 



Expt. 6. 



Table exhibiting results of experiments ort bars of coli blast iron 
bfeet long, of the same form of cross section as in preceding 
Table. 



EzrauMSHT 4. 


■xFBBiHSirr S. 


Bar broken ^TP"" wlth rlb 


Bar Inokan ^^^^ wlth rib 


downwAvd. 


npwanl. 

1 


¥ 


I| 

2-s 


i 


Welghtln 


S-S 


1 


113 


.03 


mm 


113 


.03 


_ 


334 


.07 


mm 


234 


.07 


.» 


336 


.11 


— 


336 


.11 


— 


393 


.13 


.005 


448 


.15 


-. 


430 


.14 


.007 


560 


.19 


.005 


448 


.15 


.010 


616 


.31 


.010 


560 


.19 


.013 


672 


.33 


— 


673 


.23 


.015 


738 


— 


.015 


784 


.28 


.023 


784 


.37 


— 


896 


.33 


.030 


896 


.31 


— 


953 


.35 


— 


1008 


.35 


— 


980 


broke 


— 


1130 


.39 


_ 


— 


— 


-. 


1344 


.48 


« 


— 


— 


mm 


1568 


.57 


« 


- 


- 


— 


1793 


.67 


-m 


- 


- 


— 


3016 


.80 


— 


- 


- 


- 


3340 


.95 


^ 


- 


- 


— 


3396 


it bore 


— 


— 




— 


2353 


broke 


— 


ültfanatedalleelloBJS. 


UldmataMlecdoiil^n. 




Fraetoro by a wedge braakinf 
OQt as in Eipeiünent 5, Hot 
Blast 



Note. The linear dimensions of the cross section of the bara, 
in die above Table, were nearly the same as those in the prece- 

12 
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ding Table, with the exception of the total depth GD, wlüch, in 
these last two experiments, was 2.27 inches, or a little more. 

318. The object had in view by Mr. Hodffkinson, in the ex- 
periments recorded in the two precedinff Tables, was twofold ; 
the one to ascertain the circumstances under which a permanent 
set, or injury to elasticity takes place ; the other to ascertain the 
effect of the form of cross section on the transverse strength of 
cast iron. The following extracts from the Report, give the 
principal deductions of Mr. Hodgkinson on these points. 

" In experiments 4 and 5," (on hot blast iron,) " which were 
on longer bars than the others, cast for this purpose, and for an- 
other mentioned further on, the elasticity (in £xpt. 4) was sensi- 
bly injured with 7 Ibs., and in the latter (Expt. 5) with 14 Ibs., 
the breaking weights being 364 Ibs., and 1120 Ibs. In the for- 
mer of these cases a set was visible with ^V» ^^ ^ ^® other 
with j\ of the breaking weight, showinff that there is no weight, 
howeyer smaU, that will not injure the elasticity." 

" When a body is subjected to a transverse strain, some of its 
particles are extended and others compressed ; I was desirous to 
ascertain whether the aboye defect in elasticity arose from ten- 
sion or compression, or both. Experiments 4 and 5 show this ; in 
these a section of the casting, which was miiform throughout, had 

e 

the form JL* During the experiments the broad part ab was laid 

a b 

horizontally upon Supports ; the vertical rib c in the latter experi- 
ment being upward, in the former downward. When it was 
downward the rib was extended, when upward the rib was com- 
pressed. In both cases the part ab was the fulcrum ; it was thin, 
and therefore easily flexible ; but its breadth was such that it was 
nearly inextensible and incompressible, comparatively, with the 
vertical rib. We may therefore assmne, tjiat nearly the whole 
flexure which takes place in a bar of this form, arises from the 
extension or compression of the rib, according as it is downward 
or upward. In Expt. 4 we have extension nearly without com- 
pression, and in Expt. 5 compression almost without extension. 
These eroeriments were made with great care. They show that 
there is but little difference in the quantity of set, whether it 
arises from tension or compression." 

" The set from compression, however, is usually less than that 
from extension, as is seen in the commencement of the two ex- 
periments, and near the time of fracture in that submitted to ten- 
sion. The deflections from equal weights are nearly the same, 
whether the rib be extended or compressed, but the ultimate 
strengths, as appears from above, are widely different." 

319. Form of Cast Iron Beam best adopted to resist a TranS" 
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verse Strain, The experiments of Mr. Hodgkinson on this sub- 
ject, published in the Memoirs ofthe Literary and Pküosophical 
Society of Manchester, Second Series, vol. 5, are of equal in- 
terest with those just detailed, both in their general results and 
practical bearing. From these experiments, the conclusion drawn 
is that the fonn of beam in the annexed diagrams is the most fa- 
Torable for resistance to transverse strains. 

Fig. a. 





Fig. 6. 

* t f 




^ 



Fig. a represents the plan, Fig. b 
the elevation, and Hg. c the cross 
section (enlarged) at the middle of 
the beam. From the Figs. it will 
be Seen, that the beam consists of 
three parts ; a bottom flanch of uni- 
form depth, but variable breadth, ta- 
pering from the centre towards the 
extremities, where the points of Sup- 
port would be placed, so as to form 
a portion of the common parabola on each side of the axis of the 
beam, the Vertex of each parabola being at the centre of the beam. 
The object of this form of flanch was to make it, according to 
theory, the strengest, with the same amount of material, to bear 
a weight uniformly distributed over it. The top flanch is of a 
like form, but of much smaller breadth and depth than the bottom 
one. The two are miited by a vertical rib oi uniform depth and 
breadth. 

The following are tlie relative dimensions of this form of beam 
which, from experiment, gave the most favorable result. 




Distance of Supports 


. 4 ft. 6 inohes. 


Total depth of beam 


. " 6J " 


Breadth of top flanch at centre of beam 


3.33 •* 


** bottom flanch " 


6.66 " 


Uniform depth of top flanch 


0.31 " 


" bottom flanch . 


0.66 " 


Thickness of yertical rib . 


0.266 " 


Total area of cross section 


6.4 Square ineh. 


Weight of beam 


, 7llbs 
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** This beam broke in the mkldle by compression with 26064 
Ibs., or 11 tons 13 cwt., a wedge Bepaiating firom its upper 
side.'' 

** The weiffhts were laid gradually and Blowly on, and the beam 
had bome wiUiin a litde of its breaking wei^t a considerable timey 
perhaps half an hour.^ 

** The form of the fracture and wedge is lepresented in the 
Fig. 6, where enfh the wedge, ef=5A inches, tn = 3.9 inches, 
angle cn/'= 82". 

^* It is extremely probable, firom this fracture, that the neutral 

Soint was at n, the Vertex of the wedge, and therefore at fths the 
epdi of the beam, since 3.9 = | x 5| nearly.'' 
The relative dimensions above given were arrived at by ** con- 
stantly making small additions" to the bottom flanch, untü a point 
was reached where resistance to compression could no longer be 
sustained. The beams of this form, in all previous experiments, 
having yielded by the bottom flanch tearing asunder. 

** The great strencth of this form of cross section is an indis- 

Eutable refutation of that theory which would make the top and 
ottom ribs of a cast iron beam equal." 
" The form of cross section" (as above) ^* is the best which we 
have arrived at for the beam to bear an ultimate strain. If we 
adopt the form of beam, (as above,) I think we may confidently 
enect to obtain the^ same strength with a saving oi upwards m 
im of the metal." 

320. Rulesfor determining the uUimate Strength of Cast 
Iron Beams ojthe above forms. From the results of bis experi* 
ments, Mr. Hodgkinson has deduced the following very simple 
formulae, for determininff the breaking weight, in tons, when ap- 
pUed at the middle of a beam. 

Call the breakmg weight in tons, W. 

Call the area of the cross section of the bottom flanch, taken 
at the middle of the beam, a. 

Call the depth of the beam at the middle point, d. 
Call the distance between the supports, Z. 

Then 

W^ = 26^, 

when the beam has been cast with the bottom flanch upwaid ; 
and 

when the beam has been cast on its side. 

321. Effect of Horizontal Impact upon cast iron bars^ and 
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Measure ofthe Resistance offered hy tost iron to tMsforce. The 
following Tables of experiments on this subject, and the results 
drawn from them, are taken firom a P&p^^ oy Mr. Hodgkiilson, 
published in the Fifih Report of the British Association. 

The bars under expenment were impinged upon by a weight 
suspended freely in such a position, that hanging vertically it was 
in contact with the side of the bar. The blow was given by al- 
lowing the weight to swing through different arcs« The bars 
were so confinä against lateral Supports, that they could take no 
vertical motion. 



TMe of experiments on a cast iron bar^ \ft. 6 iru long, 1 in. 
broad, | in. thick, weighing 7^ Ibs.y placedwith the broadside 
against lateral supports 4ft. asunder, and impinged upon by 
cast iron and leaa balls weighing Si Ibs., swinging through 
arcs ofthe radius I2feet 



Impact with leadea ball. 



JS<S 



l 

3 

4 
6 
6 




6.6 
13 
19 
87 
34 
47 



II 

Pi 
m 

o 



.34 
.46 
.73 
.97 
1.30 
1.60 



Impaet with iron ball. 



Sf 



«1 



1 

3 
3 

4 
5 
6 



P 



1 



I 

i^5 



6.5 
14 
SO 
29 
37 
48 



11 
Jll 



.23 
.46 
.6S 
.98 
1.32 
1.65 



** Before the experiments on impact were made upon this bar, 
it was laid on two horizontal supports 4 feet asunder, and weights 
gently laid on the middle bent it (in the same direction that it was 
afiterwards bent by impact) as below : 



28 Ibs. bent it .37 inch. 

561bB. •« .77 '« Elastioity « Utüe injured.'' 
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Table of experimenU on a cast ircn bar 7ß. Umg^ 1.08 in. hroady 
and 1 .05 in. ttiick^ weighing 23^ Jbs.^ placed^ as in preceding 
experimentSy against supparts 6ß. 6 in. asunder, and bent by 
impacts in the middle. Impinging ball of cast iron weighing 
20| Ibs. Radius of arcs Ißfeet. 



Impftet i9poB bar. 


Inpaet amw tha 


II 


ll 






3 
3 

4 
5 
6 
7 
8 


.46 
.63 
.87 
1.03 
1.24 
1.44 
1.80 


3 
3 

4 
5 
6 
7 
8 
9 


.31 
.43 

.69 
.81 
1.04 
1.38 
1.41 
1.63 



The results in the 3d and 4th columns of the above table were 
derived from allowing the ball to impinge againist a weight of 56 
Ibs., hung so as to be in contact with the bar. 

" Before the experiments on impact, the beam was laid on two 
Supports 6 ft. 6 in. asunder, and was bent .78 in. by 123 Ibs., 
(including the pressure from its own weight,) applied gently in 
the middk." 

Tables of experiments on two cast iron barSy ^fi.6 in. long, füll 
inch Square, weighing 14 Ibs. 10 oz. nearly, placed against 
Supports Afeet apart, and impinged upon by a cast iron ball 
weighing 44 Ibs. Radius 16 ß. 



ImpMst in tbe middla. 


Impact at one fonrth the length fiom the middle 
oftheban. 


dionU ofaies in 
feet 


Mean deflections 
ofthetwoban 
in inches. 


Chorda of arcs 
in feet 


Mean deflections 
of the two bars 
in inohes. 


Mean ratio of the 
deflections in 
the two cases. 


3 
3 

4 
5 

5.5 
6 


.35 
.55 

.77 

.95 

1.05 

Broke in the 

middle 


3 

3 

4 

5 

5.5 

6 


.34 
.43 
.53 

.64 

.70 

Broke at the 

point of impact 


694 



The results in the Ist of the above Tables are from bars Struck 
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in the middle, those in the 2d Table aie from bars Struck at the 
middle point between the centre and extremity of the bar. 

322. Frpm the above and other experiments the conclusion is 
drawn, " that a uniform beam will bear the same blow, whether 
Struck in the middle or half way between that and one end." 

" From all the experiments it appears, that the deflection is 
nearly as the chord of the arc fallen through, or as the velocity 
of impact." 

The foUowing conclusions are drawn from the experimehts. 

(1.) " If different bodies of equal weight, but difFering consider- 
ably in hardness and elastic force, be made to strike horizontally 
against the middle of a heavy beam supported at its ends, all the 
bodies will recoil with velocities equal to one another." 

(2.) " If, as before, a beam supported at its ends be Struck 
horizontally by bodies of the same weight, but different hardness 
and elastic force, the deflection of the beam will be the same 
whichever body be used." 

(3.) " The quantity of recoil in a body, after striking against a 
beam as above, is nearly equal to (though somewhat below) what 
would arise from the füll varying pressure of a perfectly elastic 
beam, as it recovered its form after deflection." 

Note. This last conclusion is drawn from a comparison of the 
results of experiment with those obtained from calculation, in 
which the beam is assumed as perfectly elastic. 

(4.) " The effect of bodies oi difierent natures striking against 
a hard, flexible beam, seems to be independent of the elasticities 
of the bodies, and may be calculated, with trifling error, on a sup- 
Position that they are inelastic." 

(5.) " The power of a uniform beam to resist a blow given 
horizontally, is the same in whatever part it is Struck." 

323. From the results of the experiments of Messrs. Fairbaim 
and Hodgkinson, on the properties of cold and hot blast iron, it ap- 
pears that the ratio of their resistances to impact is 1000 to 1226.3, 
the resistance of cold blast being represented by 1000; the re- 
sistance, or power of the beam to bear a horizontal impact, being 
measured by the product of its breaking weight from a transverse 
strain at the midcUeof the beam and its ultimate deflection. This 
measure, Mr. Hodgkinson remarks, ** supposes that all cast iron 
bars of the same dimensions, in our experiments, are of the same 
weight, and that the deflection of a beam up to the breaking 
weight, would be as the pressure. Neither of these is true ; 
they are only approximations ; but the difference in the weights 
of cast iron bars of equal size is very little, and taking them as 
the same, it may be inferred from my paper on Impact upon 
Beams, {Fifth Report of the British Association,) that the as- 
sumption above gives results near enough for practice." 
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324. Strsnoth or W&ovoht I&on. ThiB material, from iU 
veiy extensive applications in structures where a considerable 
tensile force is to be resisted, as in Suspension brid|res, iron ties, 
&c., has been the subject of a veiy great number of ezperiments. 
Among the many may be cited äiose of Telfoid and Brown in 
England, Duleau in France, and the able and extensive series 
upon plate iron for steam boilers, made under the directicm of the 
Iranklin Institute, and pubUshed in the 19th and 20th vols. {New 
Series) of the Journal of the Institute. 

Resistance to Extension. The foUowing Tables exhibit the 
tensile strength of this material under ordinary temperatures, and 
in the different states in which it is used for structures. 

Table exhibiting the Strength of Square and Round bars of 

Wrought Iron. 



• 


LmrUi or 


ExtMwienb«- 




Ttaiil« 




DMCKirnoM or iftOH. 


piMMia 


fora ruptun 


«•ifkim 


tumtgtkptr 


AatkMw 




fMU 


in io€h— . 


tOM. 


■qnan wek. 




Bar 1 inch sipure» WtUh 


1 


SS.75 


89 


89 


Telfoid. 


** Swüah . 


1 


0375 


89 


89 


u 


Roand bar, Sin. dlam. " 


1 


S3 


100 


8938 


M 


Bar, 131 Inch iquare " 


33 


0.19 


4035 


83.75 


BrowB. 


•* 1.19 


3.5 


330 


3330 


83.75 


tt 


Roand bar, 131 tn. dlam., RmaüM 


33 


S.9S 


36.10 


8630 


u 


Bar, IJfö inch square, f9^eUk . 


33 


8.00 


38.05 


8435 


u 


Roand bar, 3 in. diam. '* 


183 


1830 


88.75 


8633 


u 


Ban reducod in the mtddle by 












hammering to 0375 in. sqaare 


• 


- 


- 


3135 


Branel. 


(i (i QJQ M 


• 


• 


• 


3030 


u 


Bar, Mit99wri . 


- 


- 


- 


8138 


5 Fnnklbi 
iBBÜtate. 


'' (aUtrods) .... 


- 


- 


• 


8838 


M i 


** Tmn»*9«ß 


> 


- 


• 


83.85 


M 




- 


- 


• 


8539 


U 


Sweditk 


- 


- 


^ 


85.97 


M 


" Cmtr« G»., Penn, 


- 


- 


. 


86.07 


M 


** Lancaater Gp., Pmm. . 


- 


- 


— 


86.18 


U 


" (cableiron) EngUak 
** do. hammer hardened " 


- 


- 


- 


8638 


U 


- 


— 


• 


31.70 


U 


Rutntm 


- 


— 


• 


33.05 


tt 


Wim, 0333 in. dlam. PkiUifthurg 


- 


- 


- 


3738 


u 


" 0.190 *• « 


— 


— 


— 


3838 


tt 


« 0.156 " '^ 


• 


- 


. 


3930 


u 


** 0.10 '* Xnglisk 


"" 


^ 


*• 


3531 


Telfljrd. 



Table exhibiting the Mean Strength of Boiler Iron, per square 
inch in Ibs., cutfrom plates with shears. 



ProcoM of mannftctore. 


Rongh edge bar. 


Edfss med iml- 
formly. 


Notchet filed into 
baroneachedge. 


Piled iron .... 
Hammered plate 
Puddled iron 


53,045 
47,506 
53,341 


56,081 

55,584 
51,039 


63,266 
58,447 
63,430 



It is remarked in the Report of the Sub-committee, *^ that the 
inherent irregularities of the metal, even in the best specimens. 
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whether of roUed or hammered iron, seldom feil short of 10 or 15 
per Cent, of the mean strength." 

From the same series of experiments, it appeais that the 
strength of roUed plate lenglhwise is about 6 per cent. greater 
than its strength crosswise. 

In the TerUh Report of the British Association in 1840, Mr. 
Fairbaim has given the results of experiments on plate iron by 
Mr. Hodgkinson, from which it appears that the mean strength 
of iron plates lengthwise is 22.52 tons. 

Crosswise ".23.04 " 

Single-riveted plates " 18,590 Ibs. 

Double-riveted plates " 22,258 " 

Representing the strength of the plate by 100. 
The double-riveted plates will be . . 70. 
The Single " " . . 56. 

325. Professor Barlow, in his Report to the Directors of the 
London and Birmingham Railroad, (Journal of Franklin Insti- 
tute, July, 1835,) States, as the results of his experiments, that a 
bar of malleable iron one inch Square is elongated the iö^th part 
of its length by a strain of one ton ; that good iron is elongated the 

iöoöth part by a strain of 10 tons, and is injored by this strain, 
while indifferent, or bad iron is injured by a strain of 8 tons. 

From the Report made to the Franklin Institute, it appears that 
the first set, or permanent elongation may take place under very 
düFerent strains, varying with the character of the material. The 
most ductile iron yields permanently to a low degree of strain. 
The extremes by which a permanent set is given vary between 
the 0.416 and 0.872 of the ultimate strength; the mean of thir- 
teen comparisons being 0.641 . 

326. Resistance to Compression. But few experiments have 
been published on the resistance of this material to compression. 
Rondelet states that it commences to jrield under a pressure of 
about 70,800 Ibs. per Square inch, and that when the altitude of 
the specimen tried is greater than three times the diameter of 
the base it yields by bending. Mr. Hodgkinson states that the 
circumstances of its rupture from crushing indicate a law simi- 
lar to what obtains in cast iron. 

327. Resistance to a Transverse Strain. The foUowing Ta- 
bles exhibit the circumstances of deäection from a transversa 
strain on bars laid on horizontal supports ; the weight being ap- 
plied at the middle of the bar. 

The Table I. gives the results on bars 2 inches Square, laid on 
Supports 33 inches asunder; Table IL the resultB on bars 2 
inches deep, 1.9 in. broad, bearing as in Table I. 

13 
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Tabli I. 


Tabli TT. 




DeflectluiM In 




DeflectioDfl ia 


Wfliglit In tont. 


iBcliM Ibr eacb 


Welght ia tou. 


iQches for «ach 




half ton. 




half um. 


.75 


.020 


.250 


mm 


1.00 


.020 


.50 


.016 


1.50 


.020 


1.00 


.022 


3.00 


.030 


1.50 


.020 


2.50 


.020 


2.00 


.026 


3.00 


Set 


2.25 


.018 


— 


— 


2.50 


.026 


— 


— 


2.75 


.038 


— 


— 


3.00 


.092 



* The above experiments were made by Professor Barlow, and 
published in bis Keport abready cited. He remarks on the re- 
sults in Table II., that the elasticity was injured by 2.50 tons 
and destroyed by 3.00 tons. 

328. Trials were made to ascertain mechanically the position 
of the neutral axis on the cross section. Professor Barlow re- 
marks on these trials, that ** the measurements obtained in these 
experiments being tension 1.6, compression 0.4, giving exactly 
the ratio of 1 to 4 in rectangular bars. These results seem the 
most positive of any hitherto obtained ; still there can be little 
doubt this ratio yaries in iron of different qualities ; but looking 
to the preceding experiments, it is probably always from 1 to 3, 
to 1 to 5." 

329. Effects of time on the eUmgatton of Wrought Iron from 
a constant strdin of eootension. M. Vicat nas given, in the An- 
nales de Chimie et de Physique, vol. 54, some experiments on 
this point, made on iron wires which had not been annealed, by 
subjecting forn* wires, respectively, to strains amounting to the 
l, the ^, the ^, and | of their tensile strength, during a period of 
33 months. 

From the results of these experiments it appears, that each 
wire, immediately upon the apphcation of the slrain to which it 
was subjected, reeeived a certain amount of extension. 

The nrst wire, which was subjected to a strain of yth its ten- 
sile strength, was found at the end of the time in question not to 
have acquired any increase of extension. 

. The second, submitted to |d its tensile strength, was elongated 
0.027 in. per foot, independently of the elongation it at first re- 
eeived. 

The third, subjected under like circumstances to a strain of 
j^Üi its tensile strength, was elongated 0.40 in. per foot, besides 
its first elongation. 
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The fourth, similarly subjected to f ths the tensile strength, was 
elongated 0.061, besides its first elongation. 

From observations made during the experiments, it was found 
that, reckoning from the time when the first elongations took place, 
the rapidity of the subsequent elongations was nearly proportional 
to the times ; and that the elongations from strains greater than 
ith the tensile strength are, after equal times, nearly proportional 
to the strains. 

330. M. Vicat remarks in substance upon the results of these 
experiments, that iron wire, when not annealed, commences to 
exhibit a permanent set when subjected to a strain between the 
i and j of its tensile strength, ana that therefore it is rendered 
probable that the wire ropes oif a Suspension bridge, which should 
be subjected to a like strain, would, when the vibratory motion to 
which such structures are liable is considered, yiela constantly 
from year to year, until they entirely gave way. 

M. Vicat farther remarks, in substance, that the measure of the 
resistance ofFeredby materials to strains exertedonly some minutes, 
or hours, is entirely relative to the duration of the experiments. 
To ascertain the absolute measure of this resistance, which should 
serve as a guide to the engineer, the materials ought to be sub- 
jected for some months to strains ; while observations should be 
made during this period, with accurate instruments, upon the 
manner in which they yield under these strains. 

331. Effects of Temperature on the Tensile Strength of 
Wrought Iron. The experiments made under the direction of 
the Franklin Institute, already noticed, have developed some very 
curious facts of an anomalous character, with respect to the effect 
of an increase of temperature upon the strength of wrought iron. 
It was found that at high degrees of heat the tensile strength was 
greater up to a ccrtain point than was eAibited by the same iron 
at ordinary temperatures. The Sub-committee m their Report 
remark : " This circumstance was noted at 21 2% 392**, and 572®, 
rising by Steps of 180® each from 32®, at which last point some 
trials have Seen made in melting ice. At the highest of these 
points, however, it was perceived that some specimens of the 
metal exhibited but little, if any, superiority of strength over that 
which they had possessed when cold, while others allowed of 
being heated nearly to the boiling point of mercury, before they 
manifested any decided indications of a weakening effect from in- 
crease of temperature." 

" It hence became apparent that any law, taking for a basis 
the strength of iron in its ordinary condition, and at common 
temperatures, must be liable to great uncertainty, in regard to its 
application to different specimens of the metal. It was evident 
that the anomaly above referred to must be only apparent, and 
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ikst die tenachy actuaDy exhibited at 572*, as weQ as that which 

SSTails iriule the inm is in the State in which it was left by 
^gy or roDing, most be below itft maTrimnin tenacity.'' 

Frmn the ezperiments made upon sereral bars of the same 
ffon, it appeared that their " maximiim tenacity was 15.17 per 
Cent, greater than their mean strengtfa when tried cold." 

Calculating the TnATimiiTn tenadty in other ezperiments firom 
this Standard, the Sub-committee have drawn up the following 
Table exhibitmg the relations between diminutions from the max- 
imnm tenacity and the degrees of temperatore by which they are 
caused, firom which the cuire representing the law of these rela- 
tions can be constmcted. 



Tablb. 



NaoftlMeaB- 


ObSSfTQQ iBBft* 


Otarr^tni- 


watkm of I»- 
■aeity. 


FMTir of Om mpanto« 

wh&ch reprewBtt the 
«miaatlon of tencitf 
ateMbpotaiL 




1 


580* 


440* 


.0738 


2.25 


S 


570 


490 


.0669 


2.17 


3 


596 


516 


.0899 


2.38 


4 


662 


582 


.1155 


2.67 


5 


770 


690 


.1627 


2.85 


6 


824 


744 


.2010 


2.94 


7 


932 


852 


.3324 


2.97 


8 


1030 


950 


.4478 


2.92 


9 


1111 


1031 


.5514 


2.63 


10 


1155 


1075 


.6000 


2.60 


11 


1237 


1157 


.6622 


2.41 


13 


1317 


1237 


.7001 


2.14 
Mean 2.58 



The Sub-oHnmittee remark on the constniction of the above 
Table : " As some of the experiments which fiimished the Stand- 
ards of comparison for strength at ordinary temperatures, were 
made at 80^, and as at this point small variations with respect to 
beal appear to affect bat very slightly the tenacity of iron, it was 
conceived that for practica! purposes, at least, the calculations 
might be commenced from that point." 

** It will be found that with the exception of a slight anomaly 
between 520* and 570*, amoimtingto —.08, the numbers express- 
ing the ratios between the elevations of temperature, and the 
diminutions of tenacity, constaiitly increase mitil we reach 932**, 
at which it is 2.97, and that from this point the ratio of diminu- 
tion decreases to the limits of our ränge of trials, 1317**, where it 
is 2.14. It will also be observed, that the diminution of tenacity 
at 932*^, where the law changes from an increasing to a decreasing 
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rate of diminution, is almost precisely one third of the total, or 
maximum strength of the iron at ordinary temperatures/' 

From the mean of all the rates in the above Table the follow- 
ing rule is deduced: "fÄe thirteenth power ofthe temperature 
above 80® is proportionate to the fifih power of the diminutian 
from the muximum tenacity.^ . 

Professor W. R. Johnson, a member of the sub-committee, 
has since applied the results developed in the preceding experi- 
ments to practical purposes, in increasing the tenacity of wrought 
iron by subjecting it to tension under a high degree of tempera- 
ture, before using it for purposes in which it will have to unaergo 
considerable strains, as, for example, in chain cables, &c. 

This subject was brought by rrof. Johnson before the Board 
of Navy Commissioners in 1841 ; subsequently, experiments were 
made by him under direction of the Navy Department, the results 
of which, as exhibited in the following Table, were published in 
the Senate Public Documents^ (1) 2Sth Congress, 2d SessioA^ 
p.641. Dec.3, 1844. 

Table of the effects of Thermo-tension on the Tenacity and 

Elongation of Wrought Iron, 



Kam or ikom. 


Stnngth 
ofcoTo. 


strength af- 
ter treaÜDg 
with Ther- 
mo-tansloB. 


Gainof 
lengtli. 


Gainof 

ttrongth by 

the treat- 

ment. 


Total gain 
ofvalue. 


Tredegar, No. 1, round iron 

Do. do. 
Tredegar, Square bar iron 
Tredegar, No. 3, round iron 
Salisbury, round, (Arnes*) 

Mean, 


60 
60 
60 
58 
105.87 


71.4 
72.0 
67.2 
68.4 
121.0 


6.51 

6.51 

6.77 

5.263 

3.73 


19.00 
20.00 
12.00 
17.93 
14.29 


25.51 
26.51 

18.77 . 

23.19 

18.02 


— 


— 


5.75 


16.64 


22.40 



Prof. Johnson in his letter remarks : ** It will be observed that 
in these experiments the temperature has, with a view to economy 
of time, been limited to 400", whereas the best effects ofthe pro- 
cess have generally been obtained heretofore when the heat has 
been as high as 575**." 

332. Resistance of Iron Wire to Impact. The following Ta- 
ble of e^eriments gives the results obtained by Mr. Hodckinson, 
by suspending an iron ball at the end of a wire, (diameter No. 17,) 
and letting another iron ball impinge upon it from different alti- 
tudes. The suspended and impinging balls had holes driUed 
through them, through which the wire passed. A disc of lead 
was placed on the suspended ball to receive the blow, and lessen 
the recoil from elasticity. 
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Table. 



Ltnftbef 
wu«. 


WeifkteT 
MhkiQfflmU. 


Wetffht of 

■MMadad 

l»H«iHlta*d. 


HaiCht IkllM Uuoofh hj ■trikii« 
balL 


Inr m bffokc 
with ball fiül- 


.--*. 


ft. in. 


Ibf. ox. 


Ibf. OX. 








SS 


5 14 


9 


«, «4, 3, 34, 4, 


?« 


Noiend. 


— 


— 


— 


(repeated) Si, 3, 3i, 4, 4k, 


94 
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The following observations are made by Mr. Hodgkinson : 
" To ascertain the strength and extensibility of this wire, it was 
broken in a very carefiil experiment with 252^ Ibs., suspended 
at its lower end, and laid gradually on. And to obtain the incre- 
mdnt of a portion of the wire (length ^4 ft. 8 in.) when loaded by 
a certain weight, it had 139 Ibs. hung at the bottom, and when 
89 Ibs. were taken off the load, the wire decreased in length .39 
inch. 

" Should it be suggested that the wire by being frequently im- 
pinged upon would perhaps be much weakened, the author would 
beg to refer to a paper of his on Chain Bridges^ Manchester Me- 
moirSf 2d series, vol. 5, where it is shown that an iron wire broken 
by pressure several times in succession is very Uttle weakened, 
and will nearly bear the same weight as at first." 

" The first of the preceding experiments on wires are the only 
ones from which the maximum can, with any approach to cer- 
tainty, be inferred ; and we see from them that the wire resisted 
the impulsion with the greatest effect when it was loaded at bot- 
tom with a weight, which, added to that of the strikingbody, was 
a little more than one third of the weight that would break the 
wire by pressure." 

" From these experiments generally, it appears that the wire 
was weak to bear a blow when lightly loaded." 

" These last experiments and remarks, and some of the prece- 
ding ones," (on horizontal impact,) " show clearly the benefit of 
^ving considerable weight to elastic structures subject to impact 
and Vibration." 

333. Resistance to Torsion of Wrought and Cast Iron. The 
following Table exhibits the results of experiments made by 
Mr. Dunlop, at Glasgow, on round bars of wrought iron. The 
twisting weights were appUed with an arm of lever 14 feet 2 
inches. 
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TMe of experiments made by Mr. G. Rennte upon Cast and- 
Wrought Iron. Weight applied at an arm oflever of 2feet 
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334. Strengte of Copper. The vanous uses to which cop- 
per is applied in constnictiöhs, render a knowledge of its resist- 
ance under yarious circumstances a matter of great interest to the 
engineer. 

Resistance to Extension» The resistance of cast copper on 
the Square inch^ firom the experiments of Mr. G. Rennie^ is 8.51 
tons, that of wrought copper reduced per hammer at 15.08 tons. 
Copper wire is stated to bear 27.30 tons on the Square inch. 
From the experiments made under the direction of the Franklin 
Institute^ abeady cited, the mean strength of rolled sheet copper 
is stated at 14.35 tons per Square inch. 

Resistance to Compression. Mr. Rennie's experiments on 
cubes of one fourth of an inch on the edge, give for the crushing 
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weight of a cube of cast copper 7318 Ibs., and of wrought copper 
6440 Ibs. 

335. Effects of Temperature on Tensäe Strength, The ex- 
periments already cited of the Franklin Institute, show that the 
difference in strength at the Iower temperatures, as between 6(y 
and 90®, is scarcely greater than what arises firom irregularities 
in the stnicture of toe metal a^ ordinary temperatures. At 550® 
Fahr, .copper loses onefourth of its tenacity at ordinary tempera- 
tures, at 817" precisely one halfy and at lOOO® two thirds. 

Representing the results of experiments by a curve of which 
the ojidinates represent the temperatures above 32®, and the ab- 
scissas the dimmutions of tenacity arising from increase of tem- 
perature, the relations between the two will be thus expressed : 
tJie Squares qf the diminutions are as the cubes qf the tempera- 
tures. 

336. Strength of other Metals. Mr. Rennie states the 
tenacity of cast tin at 2.11 tons per Square inch ; and the resist- 
ance to compression of a small cube of j^ of an inch on an edge 
at 966 Ibs.* 

In the same experiments, the tenacity of castAead is stated at 
0.81 tcms per Square inch ; and the resistance of a small cube of 
same size as in preceding paragraph at 483 Ibs. 

In the same experiments, the tenacity of hard gun-metal is 
stated at 16.23 tons ; that of fine yellow brass at 8.01 tons. The 
resistance to compression of a cube of brass the same as before- 
m^tioned, is stated at 10304 Ibs. 

337. Linear Dilatation of Metals by Heat The foUowing 
Table is taken from results or experiments on the dilatation of 
soUds, by Ptofessor Daniell, pubUshed in the Philosophical 
TransactionSf 1831. 

Table <^Dimensums which a bar takes whose length at 62^ is 
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^8. Adhesion of tron Spikes to Timber. The following 
Tables and results are taken from an article, by Professor 
Walter R. Johnson, published in the Journal of the Franklin 
Institute j vol. 19, 1837, giving the details of experiments made 
by him on spikes of various forms driven into dmerent kinds of 
timber. 

339. The fast series of experiments was made with Burden's 
piain Square spike, the flanched, ^ooved, and swell spike, and 
the grooved and swelled spike. The timber was seasoned Jersey 
yellow pi^ie, and seasoned white oak. 

• From these experiments it results, that the grooved and swelled 
form is about 5 per cent. less advantageous than the piain, in yel- 
low pine, and about 18^ per cent. superior to the piain in oak. 
The advantage of seasoned oak over the seasoned pine, for re- 
taining piain spikes, is as 1 to 1.9, and for grooved spikes as 1 to 
2.37. 

340. The second series of experiments, in which the timber 
was soaked in water after the spikes were driven, gave the fol- 
lowing results. 

For swelled and grooved spikes, the order of retentiveness was, 
1 locust ; 2 white oak ; 3 hemlock ; 4 unseasoned chesnut ; 5 
yellow pine. 

For grooved spike without swell, the like order is — 1 unsea- 
soned chesnut ; 2 yellow pine ; 3 hemlock. 

The swelled anä grooved spike was, in all cases, found to be 
inferior to the same spike with the swell filed off. 

341. The third series of experiments gave the following results. 
Thoroughly seasoned oak is twice^ and thoroughly seasoned 

locust 2J times as retentive as unseasoned chesnut. 

The forces required to extract spikes are more nearly propor- 
tional to the breadths than to either the thickness or the weights 
of the spikes. And, in some cases, a diminution of thickness 
with the same breadth of spike afforded a gain in retentiveness. 

" In the softer and more spongy kinds of wood the fibres, in- 
stead of being forced back longitudinally and Condensed upon 
themselves, are, by driving a thick, and especially a rather ob- 
tusely-pointed spike, folded in masses backward and downward so 
as to leave, in certain parts, the faces of the grain of the timber 
in contact with the surface of the metal." 

"Hence it appears to be necessary, in order to obtain the 
greatest effect, that the fibres of the wood should press the faces 
as nearly as possible in their longitudinal direction, and with equal 
intensities throughout the whole length of the spike." 

The following is the order of superiority of the spikes from 
that of the ratio of their weights and extracting forces respec- 
tively. 

14 
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1. Narrow flat . 7.040 ratio of weicht to ext neting force. 

3. Wideflat . . 6.719 " " " 

3. Grooyed bat not swelied 5.663 ** *< '< 

4. Grooyed and not notched 5.300 " *' '* 

5. Grooyed and swelied . 4.634 ** ** <« 

6. Burden's patent . 4.509 

7. Square hammered . . 4.139 

8. Plam cylindrical . . 3.300 
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'^ All the experiments prove that when a spike is once started, 
the force required for its final extraction is much less than that 
which producedthe first movement." 

" Wnen a bar of iron is spiked upon wood, if the spike be 
driven until the bar compresses the wood to a great decree, the 
recoil of the latter may become so ereat as to Start back uie spike 
for a short distance atter the last blow has been given." 

342. From the fourth series of experiments it appears, that the 
spike taperinff gradually towards the cutting edge, gives better 
results man those with more obtuse ends. 

That beyond a certain limit the ratio of the weight of the spike 
to the extracting force begins to diminish ; " showins that it would 
be more economical to increase the number rather than the length 
of the Spikes for producing a given effect." 

" That the absolute retaining power of unseasoned chesnut on 
Square or ilat spikes of firoin two to four inches in length, is a 
little more than 800 Ibs. for every Square inch of their two faces 
which condense longitudinally the fibres of the timber." 
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MASONRY. 

343. Masonrt is the art of raising stractures, in stone, brick, 
and mortar. 

344. Masonry is classified either from the nature of the mate- 
rial, as stone masonry^ brich masonry^ and mixed, or that which 
is composed of stone and brick ; or from the manner in which 
the material is prepared, as cut stone or ashlar masonry^ rubble 
stone or rough masonry, and hammered stone nuzsonry ; or, 
finally, from the form of the material, as regulär masonry, and 
irregulär masonry. 

345. Cut Stone. Masonry of cut stone, when carefuUy made, 
is strenger and more sohd than that of any other class ; biit, owing 
to the labor required in dressing, or preparing the stone, it ia also 
the most expensive. It is, therefore, mostly restricted to those 
works where a certain architectural eflFect is to be produced by 
the regularity of the masses, or ^here great strength is indispen- 
sable. 

346. Before explaining the means to be used to obtain the 
greatest strength in cut stone, it will be necessary to give a few 
definitions to render the subject clearer. 

In a wall of masonry, the term face is usually applied to the 
front of the wall, and the term back to the inside ; the stone 
which forms the front, is termed the facing; that of the back,' 
the backing; and the interior, Üießlling. If the front, or back 
of the wall, has a uniform slope from the top to the bottom, this 
slope is termed the batter, or oätir. 

The term course is appUed to each horizontal layer of stone 
in the wall : if the stones of each layer are of eaual thickness 
throughout, it is termed regulär coursing; if the tnicknesses are 
unequal, the term random, or irregulär coursing, is applied. 
The divisions between the stones, in the courses, are termed the 
joints ; the upper surface of the stones of each course is also, 
sometimes, termed the bed, or build. 

The arrangement of the different stones of each course, or of 
contiguous courses, is termed the bond. 

347. The strength of a mass of cut stone masonry will depend 
on the size of the blocks in each course ; on the accuracy of the 
dressing ; and on the bond used. 

348. The size of the blocks yaries with the kind of stone, and 
the nature of the quarry. From some quarries the stone may be 
obtained of any required dimensions ; others, owing to some pe* 
culiarity in the formation of the stone, only furnish blocks of small 
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size. Again, the strength of some stones is so great as to admit 
of their being used in blocks of any size, without danger to the 
stability of the structure, arising from their breaking ; others can 
only be used with safety, when the length, breadth, and thickness 
of the block bear certain relations to each other. No fixed rule 
can be laid down on this point : that usually foUowed by builders, 
is to make, with ordinary stone, the breadtn at least equal to the 
thickness, and seldom ffreater than twice this dimension, and to 
limit the length to wiUiin three times the thickness. When the 
breadth or the length is considerable, in comparison with the 
thickness, there is danger that the block may break, if any un* 
equal settling, or unequal pressure should take place. As to the 
absolute dimensions, the thickness is f enerally not less than one 
foot, nor greater than two ; stones of this thickness, with the rel- 
ative ditnensions jast kid down, will weigh from 1000 to 8000 
pounds, allowing, on an averaffe, 160 pounds to the cubic foot. 
With these dimensions, therefore, the weiffht of each block will 
require a very considerable power, both oi machinery and men, 
lo set it on its bed. 

349. For the coping and top courses of a wall, the same ob* 
jections do not apply to excess in length : but this excess may, on 
the contjrary, prove favoraUe ; because the number of top joints 
being thus dinünished, the mass beneath the coping will be better 
protected, being exposed only at the joints, which cannot be made 
water-tight, owing to the mortar being crushed by the expansion 
of the blocks in warm weather, and, when they contract, being 

»washed out by the rain. 

350, The closeness with which tlie blocks fit is solely depen* 
dent on the accuracy with which the surfaces in contact, are 
wrought or dressed ; if this part of the work is done in a slovenly 
manner, liie mass will not only ^sent open joints from any in- 
equaUty in the settling ; but, from the couxses not fitting accurately 
on their beds, the blocks will be liable to crack from the unequal 
pressure cm the different points of the block. 

851. The surfaces of one set of j(»nts should, as a prime con- 
dition, be perpendicukr to the direction of the pressure : by this 
arrangement, there will be no tendency in any of the blocks to 
slip. In a vertical wall, for example, the pressure being down- 
ward, the surfaces of one set of joints, which are the beds, must 
be borizontaL The surfaces of the other set must be perpen- 
dicular to these, and, at the same lime, pei^ndicular to the face, 
or to the back of the wall, according tö the position of the stones 
in the mass ; two essential points will tlms be attained ; the an- 
ales of the blocks, at the top and bottom of the course, and at the 
face <x back, will be right angles, and the block will therefore be 
13 dtrong as the nature of the stone will admit. The principles 
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here applied to a Tertical Wall, are applicable in all cases, what- 
ever may be the direction of the pressure and tlie fonn of the ex- 
terior siirfaces, whether plane or curved. 

352. A modification of this principle, howeyer, may in sonoe 
cases be requisite, arising firom the strei^th of the stone. It is 
laid down as a nile, drawn from the experience of buildera, that 
110 stone work with angles less than 60° will offer sufiicient 
Btrength and durability to resist accidents, and the effects of the 
weather. If, therefore, the batterof a wall should be greater than 
60", which is about 7 perpendicular to 4 base, the horizontal 
joints (Fig. 6) must not be carried out in the same plane, to the 
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face or back, but be broken off at right angles to it, so as to 
form a small abutting Joint of about 4 inches in thickness. As 
the batter of walla is seldom ao great as this, eiceptin some cases 
of sustaining walls for the side slopes of earthen embankments, 
this modification in the joints will not often occur; for, in a 
greater batter, it will generally be more economical, and the 
constmction will be stronger, to place the stones of the ext^rior in 
odäets, the exterior stone of one course, being placed within the 
exterior one of the couree below it, so as to give the required 
general direction of the batter. The arrangement with o&ets 
has the farther advantage in its favor of not allowing the rain 
water to lodge in the Joint, if the offset be slightly bevelled off. 

353. Workmen, nnless narrowly watched, seldom take the pains 
neccssary to diess the beds and joints accurately ; on the con- 
trary, to obtain what are termed dose joints, they dress the joints 
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with gccuracy a few inches only from the outward sur&ce, atkl 
then Chip away the Btone towards the back, or tau, (Fig. 7,) so 
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that, when the block is set, it will be in contact with tkk adjacent 
stones, only throughout ihis veiy Bmall extent of bearing surface. 
ThiB practice is objectionable ander eyery point of view ; fw, 
in the first place, it gives an eilent of bearing surface, which, 
being generally inadecjuate to reaist the pressure thrown on it, 
causes ^e block to splinifr off at the Joint ; and in the second 
place, to give the block its proper set, it has to be propped be- 
neath by small bits of atone, or wooden wedges, an Operation 
termed ^tnnin^- w, or under-pirmitig, and these props, causing 
the pressure on tne block to be thrown on a few points of tbe 
lower surface, instead of being equally diffused over it, expose 
the stone to crack. 

354. When the facing ia of cut stone, and the backing of nib- 
ble, the method of thinning off the block may be allowed for the 
purpose of foiming a better bond belween the nibble and ashlar ; 
Dut, even in this case, the block should be dressed true on each 

, Joint, to at least one foot back from the ^e. If there exists any 
cause, which would give a tendency to an outward thrust from 
the back, then, instead of thinning off all the blocks towards the 
tail, it mll be preferable to leave the taile of some thicker than 
the parts which are dressed. 

355. Varioua methods are used by builders for the bond of cut 
stone. The system, termed headers and stretchers, in which the 
Tertical joints of the blocks of each course altemate wtth the ver- 
tical joints of the courses aboTC and below it, or as it is termed 
break jointsYiii^ them, is the most simple, and offers, in most cases, 
all requisite solidity. In this System, (Fig. 8,) the blocks of each 
course are laid altemately with their greatest and least dimensions 
to the face of the wall ; those which present ^e longest diniea- 
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h, headen. 



sion along the face, are termed stretchers ; the others, headers. 
If the header reaches from the face to the back of the wall, it is 
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termed « through ; if it only reaches part of the distance, it is 
termed a binder. The vertical joints of one course are either 
just over the middle of the blocks of the next course below, or 
eise, at least four inches on oAe side or the other of the vertical 
joints of that course ; and the headers of one course rest as nearly 
as practicable on the middle of the stretchers of the course be- 
neath. If the backing is of rubble, and the facing of cut stone, a 
System of throughs or binders, similar to what has just been ex- 
plained, must be used. 

By the arrangement here described, the facing and backing of 
each course are well connected; and, if any unequal settling 
takes place, the vertical joints cannot open, as would be the case 
v^ere they in a continuea hne from the top to the bottom of the 
mass ; as each block of'one course confines the ends of the two 
blocks on which it rests in the course beneath. 

356. In masses of cut stone exposed to violent shocks, as those 
of whicli light-houses, and sea-walls in very exposed positions 
are formed, the blocks of each course require to be not only very 
firmly united with each other, but also with the courses above 
and below them. To eflfect this, various means have been used. 
The beds of one course are sometimes arranged wiüi projections 
(Fig. 9,) which fit into corresponding indentations of the next 
course. Iron cramps in the form of the letter S, or in any other 
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Fig. 9— Represents 
an eleyaüon A, 
plan B, and per- 
q)ectiye views C 
and D of two of 
the blocks of a wall 
in which the blocloB 
are fitted with in- 
dents, and connect- 
ed with bolts and 
cramps of metal. 



shape that will answer the purpose of giving them a firm hold on 
the blocks, are let into the top of two blocks of the same course 
at a vertical Joint, and are firmly set wiüi melted lead, or with 
bolts, so as to confine the two blocks together. Holes are, in 
some cases, drilled through several courses, and the blocks of 
these courses are connected by streng iron bolts fitted to the 
holes. 

The most noted examples of these methods of strengthening 
the bond of cut stone, are to be found in the works of the Romans 



which have been preserved to our time, and in two celebnted 
modeni stmctures, the Eddy-atone aod Bell-rock light-housea in 
Great Biitam. (Fig. 10.) 
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357. The inanner of dressing stone belongs to the atonecutter'fl 
art, but the engirieer should not be inattentiTe either to the accu- 
racy with whicn the dressing is performed, or the means employed 
to effect it. The toola chiefly uaed by the workman are the 
chisel, axe, and hammer for knotting. The iisual manner of dress- 
ing a surface, is to CUt draughls around and across the stone with 
the chisel, and then to use the chisel, the axe wiih a serrated edge, 
or the knotting hammer, to work down the intermediate portlons 
into the same surface with the draughts. In performing this last 
Operation, the chisel and axe should alone be used for soft stones, 
as the grooves on the surface of the hammer are liable to become 
choked by a soft raaterial, and the stone may in consequencc be 
materially injured by the repeated blowa of the workman. In 
bard stones this need not be apprehended. 

In large blocks which require to be raised by machinery, a 
hole, of the shape of an mverted tninc^ated wedge, is cut to receive 
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a, draughU araund edfre of block. 

b, knoUed part between drauphta. 

c, iioD b<ri(a with eres let intooUiquB 
holee uut in the block. 

d tmd t, chain and rope tacUing. 

B, n, «de pieceB of the lewis. 

0, cenlre irieco of lewis with bj« 

faatoDed to *, r br a holt. 
p, in» ring lor attacbiag tocklinc. 



a small iron instrument termed a lewis, (Fig. 11,) to which the 
rope ia attached for suspending the block ; or eise two holes are 
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cut obliqaely into the block to receive bolts with eyes for the 
same purpose. 

When a block of cut stone is to be laid, the first point to be 
attended to, is to examine the dressing, which is done by placing 
the block on its bed, and seeing that the joints fit close, and the 
face is in its proper plane. If it be found that the fit is not accu- 
rate, the inaccuxacies are marked, and the requisite changes made. 
The bed of the course, on which the block is to be laid, is then 
thoroughly cleansed from dust, &c., and well moistened, a bed 
of thin mortar is laid evenly over it, and the block, the lower sur* 
face of which is first cleansed and mdstened, is laid on the mor- 
tar-bed, and well settled by striking it with a wooden mallet 
When the block is laid against another of the same course, the 
Joint between them is prepared with mortar in the same manner 
as the bed. 

358. Rvbhle Stone Masonry. With good mortar, nibble 
work, when carefully executed, possesses all the strength and 
durability required in structures of an ordinary character ; and it 
is much less expensive than cut stone. 

359. The stone used for this work should be preparcfd simply 
by knocking off all the sharp, weak angles of the block ; it is then 
cleansed from dust, &c., and moistened, before placing it on its 
bed. This bed is prepared by spreading over the top of the lower 
course an ample quantity of good ordinary^temperea mortar, into 
which the stone is firmly imbedded. The interstices between the 
larger masses of stone are filled in, by thrustiag small firagments, 
or chippings of stone, into the mortar. FinaUy, the whole course 
may be carefully grouted before another is G<xnmenced, in order 
to fill up any voids left between the füll mortar and stone. 

360. To connect the parts well together, and to strengthen the 
weak points, throughs or binders sbould be used in all the courses ; 
and the angles should be constructed of cut or hammered stone. 
In heavy walls of nibble masonry, the precaution, moreover, 
should be observed, to lay the stones on their qttarry-bed ; that 
is, to give them the same position, in the mass of masonry, that 
they had in the quarry ; as stone is found to offer more resistance 
to pressure in a direction perpendicular toTthe quarry-bed, than 
in any other. The directions of the lamüia in stratified stones, 
show the position of the quarry-bed. 

361. Hammered stone, or dressed rubble, is stcme roughly 
fashioned into regulär masses with the hammer. The same pre- 
cautions must be taken in la3ring this kind of masonry, as in the 
two preceding. 

362. Brick Masonry. With good brick and mortar, this ma- 
sonry ofiers great strength and durabilily, arising from the stnxig 
adhesion between the mortar and brick. 

15 
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363. The bond used in brick work is yeiy Tarious, depending 
cm the character of the structure. The most usual .kmds are 
known as the English and Flemish. The first consists in ar- 
langing the courses altemately, entirely as headers or stretchers, 
the bricks through the course breaking joints. In the second the 
bricks are laid as headers and stretchers in each course. The 
first is stated to give a stronger bond than the last, the bricks of 
which, owing to the difficulty of preventing continuous jointd, 
either in the same or different courses, are liable to separate, 
causing the face or the back to bulge outward. The Flemish 
bond presents the finer architectural appearance, and is therefore 
preferred for the fronts of edifices. 

364. Timber and iron have both been used to strengthen the 
bond of brick masonry. Among the most remarkable examples 
of their uses are the well, faced in brick, forming an entrance to 
the Thames Tunnel, the celebrated work of Mr. Brunei, and bis 
experimental arch of brick, a description of which is given in the 
Civil Enginker and Architect^s Joumalj No. 6, yol. I. In both 
these structures Mr. Brunei used pantile laths and hoop iron, in 
the interior of the horizontal courses, to connect two contiguous 
courses throughout their length. The efficacy of this method 
has been farther fully tested by Mr. Brunei, in experiments made 
on the resistance to a transversal strain of a brick beam bonded 
with hoop iron, accounts of which, and of experiments of a like 
kind, are given by Colonel Pasley in bis work on Limes, Calcd- 
reous CementSy &c. 

365. The mortar-bed of brick, may be either of ordinary, or 
thin-tempered mortar ; the last, howeyer, is the best, as it makes 
closer jomts, and, containing more water, does not dry so rapidly 
as the other. As brick has great ayidity for water, it would al- 
ways be well not only to moisten it before laying it, but to allow 
it to soak in water seyeral hours before it is used. By taking 
this precaution, the mortar between the joints will set more firmly 
than when it imparts its water to the dry brick, which it frequently 
does so rapidly as to render the mortar pulverulent when it has 
dried^ \ 

FOUNDATIONS. 

366. The term foundation is used indifierently either for the 
Iower courses of a structure of masonry, or for the artüicial 
arrangement, of whatever character it may be, on which these 
courses rest. For more perspicuity, the term bed of the founda- 
tion will be used in this work when the latter is designated. 

367. The strength and durability of structures of masonry de- 
pend essentially upon the bed of the foundation. In arranging 
this, regard must be had not only to the permanent efforts which 
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ihe bed may have to support, but to those of an accidental cba- 
racter. It should, in all cases, be placed so far below the surface 
of the 8oil on which it rests, that it will not be liable to be uh» 
covered, or exposed ; and its surface should not (mly be normal 
to the resultant of the eiforts which it sustains, but tnis resultant 
should intersect the base of the bed so far within it, that the por- 
tion of the soil between this point of intersection and the oütward 
edge of the base shall be broad enough to prevent its yielding 
firom the pressure thrown on it. 

368. The first preparatory step to be taken, in determining the 
kind of bed required, is to ascertain the nature of the subsoil on 
which the structure is to be raised. This may be done, in or- 
dinary cases, by sinking a pit ; but where the subsoil is composed 
of various strata, and the structure demands extraordinary pre- 
caution, borings must be made with the tools usually employed 
for this purpose. 

369. With respect to foundations, soils are usually divided 
into three classes : 

The Ist class consists of soils which are incompressible, or, at 
least, so slightly compressible, as not to affect the stability of the 
heayiest masses laid upon them, and which, at the same time, do 
not yield in a lateral durection. SoUd rock, some tufas, compact 
stony soils, hard clay which yields only to the pick, or to blast- 
ing, belong to this class. 

The 2d dass consists of soils which are incompressible, but 
require to be confined laterally, to prevent them from spreading 
out. Pure gravel and sand belong to this class. 

The dd dass consists of all the varieties of compressible soik; 
under which head may be arranged ordinary clay, the common 
earths, and marshy soils. Some of this class are mund in a more 
or less compact State, and are compressible only to a certain ex- 
tent, as most of the varieties of clay and common earth ; others 
are fouiid in an almost fluid State, aiid yield, with faciUty, in every 
direction. 

370. To prepare the bed for a foundation on rock, the thick- 
ness of the Stratum of rock should first be ascertained, if there are 
any doubts respecting it : and if there is any reason to suppose 
that the Stratum has not sufficient strength to bear the weight of 
the structure, it should be tested by a thcd weight, at least twice 
as great as the one it will have to bear permanently. The rock 
is next properly prepared to receive the foundation courses, by 
levelling its surface, which is effected by breaking down all pro- 
jectinff points, and fiUing up cavities, either with nibble masonry 
or with beton ; and by carefuUy removing any portions of the up; 
per Stratum which pifesent indications of having been injured bV 
the weather. The surface, prepared in this manner, should, tnore- 
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cnrer, be perpendicular to the direction of the pressure ; if tliis is 
Iperticaly the sur&ce should be horizontal, und so for any other 
(Jirection of the pressure. Should there, however, be auT diffi* 
culty in so aiianging the surface as to have it normal to the le» 
sultant of the pressure, it may receive a position such that one 
component of ttie resultant sIiaII be perpendicular to it, and the 
other parallel ; the latter beinff counteracted by the friction and 
adhesion between the base of we bed and the surface of the rock. 
If» owing to a great decUvity of the surface, the whole cannot be 
farought to the same level, tne rock must be brokea into steps, in 
Order that the bottom courses of the foundatioa throughout, may 
rest on a surface perpendicular to the direction of the pressure, 
if fissures or canties are met with, of so great an extent as to 
lender the filling them with ma^ionry too expensive, an arch must 
then be formed, resting on the two sides of the fissure, to suppc»! 
that part of the structure above it. 

Tne slaty rocks require most care in |»eparizig them to receive 
a foundation, as their top Stratum will generally be found injured 
to a greater or less deptn by tbe action of frost 

371. In stony eartns and hard clay, the bed is prqpared by 
digging a trench wide enough to receive tbe foundation, and deep 
^Qough to reach the compact s<h1 which has not been injured by 
the. action of frost : a trench from 4 to 6 feet, will generally be 
deep enough for this purpose. 

372. In compact ^vel, and sand, where there is no liability 
to lateral yielding, either from the action of rain c»r any other 
cause, the bed may be jNrepared as in the case of stony earths. 
If there is danger from lateral yielding, the part on which the 
ibundation is to rest must be secured by confining it laterally by 
Qieans of sheeting piles, or in any olher way tbat will offer sum- 
cient security. 

373. In laying foundations on firm sand, a further precaution 
is sometimes resorted to, of ^cin^ a jdatfonn on the bottom of 
the trench, for the purpose oi distnbuting the whole weight more 
uniformly over it. This, however, seems to be unnecessary ; for 
if the bottom courses of the masonry are well settled in their bed, 
there is no good reason to apprehend any unequal settling from the 
effect of the superincumbent weight : whereas, if the wood of the 
platform should, by any accident, give way, it would leave a part 
of the foundation without any Support 

When the sand under the bed is liable to iniujry from Springs, 
they must be cut off, and a platform, or, still better, an area of 
beton should compose the bed, and this should be confined on all 
sides between walls of stone, or beton sunk below the bottom of 
the bed. 

974. I^ in opening a trench in sand, water is found at a sl^t 
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depth, aßd in such quantit; as to impede the Uboni of tlie wdtk- 
men, anä the trench catmot be kept dry by Üie use of pumps ot 
scoops, a row of sheeting piles must be driven on eacn siae of 
the space occupied by it, eomewhat below the bottom of the bed, 
the sand on the outside of the eheeting piles be thrown out, and 
ita place filled with a puddli^ of clay, to form a water-tight en* 
closure round the trench. The eicavation for the bed is theo 
c<Hnmenced ; but if it be found that Üie water still makea rapidly 
at the bottom, <Hdy a emall portion of the trench muat be apeneOj 
and after the lower courses are laid in this portion, the excavation 
will be gradually effected, as fast as the worktnen can execute 
the work without difficulty from the water. 

375. The beds of foundations in compressible soils require pe- 
culiar care, particularly when the soil is not homogeneous, pre- 
aenting more resistance to pressure in one point than in anotner ; 
for, in that case, it will be rery diffieult to guard against unequal 
settling. 

376. In ordinary clay, or earth, a trench is dug of the proper 
width, and deep enough to reach a straUun, beyond the action of 
frost ; the bottom of Ine trench is then levelled off to receive the 
foundation. This may be laid immediately on the bottom, or 
eise upon a grülagt and platform. In the first case, the atonel 
fbrming the lowest courae, should be finnly settled in their 
beds, by ramming them wjth a Very heayy beeile. In the second 
ft timber graUng, termed a griUafe, (Fig. 12,) which is formed 
of a course of beavy beams laia lengthwise in the trench, and 
connected firmly by cross pieces into which they are notched, ik 
firmly settled in the bed, and the earth is solidly packed betweeh 
the longitudinal and cross pieces ; a flooring m. thick plankt, 
termed a platform, is then laid on the grilla^e, to receive the 
loweet course of the foundation. The object of the grillage, and 
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platform, is to difiiise the weight more unlfonnly orer the s 
Htce of the trench, to prevent any part from yielding. 
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377. Repeated faüures in grillages aiid pUtfonnSy arising eith^ 
from the compression of the woody fibre, or firom a traziByersal 
strain occasioned by the subsoil offering an unequal resistance^ 
haye impaiied connidence in their efficacy. Engineers now pre- 
fer beds formed of an area of beton, as onering more security than 
any bed of timber, either in a unifoimly, or unequally compressi- 
ble soil, 

378. The preparation of an area of beton for the bed of a 
foondation, will depend on the circumstances of the case. In 
ordinary cases the oeton is thrown into the trench, and careiiiUy 
rämmed in layen of 6 or 9 inches, until the mortar collects in a 
semi-fluid State on the top of the layer. If the base of the bed is 
to be broader than the top, its sides must be confined by boards 
suitably arranged for this purpose. Whenever a layer is left in- 
complete at one end, and another is laid upon it, an offset should 
be left at the unfinished extremity, for the purpose of connecting 
the two layers more firmly when the work on the unfinished part 
is resumed. 

Considerable economy niay be effected, in the quantity of be* 
ton required for the bed, by using larse blocks of stone which 
should be so distributed throuffhout the layer, that the beetle will 
meet with no difficulty in settüng the beton between and around 
the blocks. 

When Springs rise throuffh the soil oyer which the beton is to 
be spread, the water from wem mast either be conyeyed off by 
artincial Channels, which will prerent it rising thronen the mass 
of beton and washing out the hme ; or eise strong cloui, prepared 
fo as to be impermeable to water, may be laid oyer the surface 
of the soil to receiye the bed of beton. 

The artificial Channels for conyeying off the water may be 
formed either of stone blocks with semi«cylindrical Channels cut 
in them, or of semi-cylinders of iron, or tiles, as may be most 
conyenient. A sufficient number of these Channels should be 
formed to giye an outlet to the water as fast as it rises. 

An impermeable cloth may be formed of stout cantass, pre- 
piared with bituminous pitch and a dryin^ oil. It is well to have 
the cloth doubled on each side with ordinary canyass to preyent 
accidents. The manner of settUng the cloth on the sunace of 
the soil must depend on the circumstances of the case. 

Each of the foregoing expedients for preyenting the action of 
Springs on an area of beton, nas been tricKi with success. When 
artificial Channels are used, they may be completely choked sub- 
sequently, by injecting into them a semi-fluid hydrauUc cement, 
ana the action of the Springs be thus destroyed. 

Foundation beds of beton are freauently made without exhaust- 
ing the water from the area on which they are laid. For Üiis 
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porpose the beton is thrown in layers over the area, by using 
either a wooden conduit reaching nearly to the position of the 
layer, or eise by placing the beton (Fig 13) in a box by ivhich it 
is Iowered to the position of the layer, and from which it is de- 
posited so as not to permit the water to separate the lime from 
the other üigredients. 





Fig. 13— Repraents an end 
Tiew A oTa aemi^yliiidri^ 
cal box for lowering beton 
isk water. and B the aame 
▼iew of the box when open- 
ed to let the beton fall 
throngh. 

0, hinge around which tha 
halves of the box open. 
B flt rope tackting for lowering 
box. 

b, pin, or catch to faaten. tha 
twopaitB oi the box. 

e, oora to detach the pin and 
open the box. 



Should it be found that spring» boil up at the bottom, it must 
be coyered with an impermeable cloth. 

.379. In marshy soils, the principal difficulty consists in form- 
ing a bed suiBciently firm to give stability to the structure, owing 
to the yielding nature of the soil in all directions. 

The foUowing are some of the dispositions that have been tried 
with success in this case. Short piles from 6 to 12 feet long, 
and from 6 to 9 inches in diameter, are driven into the soil as 
close toffether as they can be crowded, over an area considerably 
greater man that which the structure is to occupy. The heads 
of the piles are accmutely brouffht to a leyel to receive a grillage 
and platform ; or eise a layer of clay, from 4 to 6 feet ihick, is 
laid over the area thus prepared with piles, and is either solidly 
rammed in layers of a foot thick, or submitted to a veiy heavy 
pressure for some time before commencing the fomidations. The 
object of preparing the bed in this manner, is to give the Up- 
per Stratum of the soil all the firmness possible, by subjecting 
it to a strong compression from the piles ; and when this has 
been effected, to procure a firm bed for the lowest course of the 
foundation by the grillage, or clay bed; by these means the 
whole pressure will be uniformly distributed throuffhout the en* 
tire area. This case is also one in which a bed of beton would 
replace, with great advantage, either the one of clay, or the 
gnllage. 

The purposes to which the short piles are applied in this case, 
is different from the object to be attained usuaUy in the employ- 
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me&t of piles for foundations ; which is to transmit the weight of 
the structuxe that rests on the piles, to a firm incompiressible soil, 
overlaid by a compressible one, that does not offer sufficient 
finniiess for the bed of the foundation. 

380. When a firm soll is overlaid by one of a compressible 
character, and its distance below the surface is such that it can be 
reached by piles of ordinary dimensions, they should be used in 
preference to any other plan, when they can be rendered durable, 
on account of their economy and the security they afford. 

• To prepare the bed to receive the foundations in this case, 
strong jnles are driven at ec^ual distances apart, over the entire 
area on which the structure is to rest. These piles are driven, 
until they meet with a firm Stratum below the compressible one, 
which offers sufficient resistance to prevent them nrom penetra- 
ting farther. 

381. Piles are generally firom 9 to 18 inches in diameter, with 
a length not above 20 times the diameter, in order that they may 
not oend under the stroke of the ram. They are prepared for 
driving, by Stripping them of their bark, ana paring down the 
knots, so that tne finction, in driving, may be reduced as much as 
possible. The head of the pile is usuaily encircled by a strong 
noop of wrought iron, to prevent the pile firom being split by the 
action of the ram. The foot of the pile may receive a shoe 
formed of ordinary boiler iron, well fitted and spiked on ; or a 
cast-iron shoe of a suitable form for penetratiog the soil may be 
Gast around a wrought-iron holt, by means of which it is fastened 
to the pile. 
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382. A machine, termed a pile engine^ is used for driving 
piles. It consists essentially of two uprights firmly connected 
at top by a cross jpiece, and of a ram^ or monkey of cast iron, for 
driving the pile by a force of percussiofn. Iwo kinds of en- 
gines are in use ; the one termea a crab engine^ firom the ma* 
chinery used to hoist the ram to the height firom which it is to 
ÜJI on the pile ; the other the ringing engine^ firom the monkey 
being raised by the sudden pull of several men upon a rope, 
by which the ram is drawn up a few feet to descend on the 
pile. 

The crab engine is by far the more. powerful machine, but on 
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ihis account is inapplicable in some cases, as in the driying of 
cast-iron piles, where the force of the blow might destroy the 
pile ; also in long slender piles it may cause the pile to spring so 
much as to prevent it firom enteiinff me subsoil. 

The manner of driving piles, and the extent to which they may 
be forced into the subsou, will depend on local circumstances. It 
sometimes happens that a heavy blow will effect less than several 
slighter blows, and that piles alter an interval between successive 
¥oDeys of blows, can with difficulty be started at first. In some 
cases the pile breaks below the sunace, and continues to yield to 
thQ blows, by the fibres of the lower extremity being crushed. 
These difficulties require careful attention on the part of the en- 

flneer. Piles should be driven to an wiyielding subsoil. The 
rench civil engineers have, however, adopted a rule to stop 
the driving when the pile has arrived at its absolute stoppage^ 
this. being measured by the farther penetration into the subsoil 
of about ^jths of an inch, caused oy a volley of thirty blows 
from a ram of 800 Ibs., falling from a height of 5 feet at each 
blow. 

383. If the head of a pile has to be driven below the level to 
which the ram descends, another pile, termed a punchy is used 
for the purpose. A cast-iron socket of a suitable form embraces 
the head oi the pile and the foot of the punch, and the effect of 
the blow is thus transmitted through the punch to the pile. 

384. When a pile from breaking, or any other cause, has to be 
drawn out, it is done by using a lonff beam as a lever for the pur- 
pose ; the pile being attached to me lever by a chain, or rope 
suitably adjusted. 

385. The number of piles required, will be regulated by the 
weight of the structure. An allowance of 1000 pounds on each 
Square inch will ensure safety. The least distance apart, at 
which the piles can be driven with ease, is about 2^ feet between 
their centres. If they are more crowded than Üiis, they may 
force each other up, as they are successively driven. When this 
is found to take place, the driving should pe commenced at the 
centre of the area, and the pile should be driven with the butt end 
downward. 

386. From experiments carefiilly made in France, it appears 
that piles which resist only in virtue of the firiction arising from 
the compression of the soil, cannot be subjected with safety to a 
load greater than one fifth of that which piles of the same dimen- 
sions will safely support when driven into a firm soil. 

387. After tne piles are driven, they are sawed off to a level, 
to receive a grillage and platform for the foundation. A large 
beam, termed a capping^ is first placed on the heads of the out- 
side row of piles, to which it is faustened by means of wooden 

16 
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pinsy ar tree-naäs driren into an aager-hole, made tfaroo^ the 
cap into the head of each pile. After the cap is fitted, longitndi- 
nal beamsy tenned string pieces^ are laid lengthwise on the heads 
of each low, and rest at each extremity on the cap, to which they 
are fastened by a dore-tail Joint and a wooden pin. Another series 
of beamSy tenned crosspieces, are laid croaswise on the string 
pieces, over the heads oteach row of piles. The croes and string 
pieces are connected by a notch cut into each, so that, when put 
together, their npper surfaces maj be on the same lerel, and they 
are fastened to the heads of the piles in the same manner as the 
capping. The extremities of the cross pieces rest on the capping, 
and are connected with it, like the strinff pieces. 

The platform is of thick planks laia oyer the grillage, with 
the extremity of each plank resting on the capping, to which, 
and to the string and cross pieces, the planks are fastened by 
naOs. 

The capping is nsually thicker than the cross and string pieces 
by the thickness of the plank ; when this is the case, a mbate, 
abottt four inches wide, must be made on the inner e4ge of the 
capping, to receire the ends of the planks. 

388. An objecti<m is made to the platform as a bed for the 
fomidation, owing to the want of adhesion between wood and 
mortar ; from which, if any unequal settling should take place, 
the foondations would be exposed to slide on the platform. To 
obviate this, it has been proposed to replace the grulage and plat- 
form by a layer of beton resting partly on the heads of the piles, 
and partly on the soil between them. This means would fumish 
a firm bed for the masonry of the foundations, devoid of the ob- 
jections made to the one of timber. 

To counteract any tendency to sliding, the platform may be 
inclined if there is a lateral pressure, as in the case, for example, 
of the abutments of an arch. 

389. In soils of alluvial formation, it is common to meet with 
a Stratum of clay on the surface, underlaid with soft mud, in 
which case, the driving of short piles would be injurious, as the 
tenacity of the Stratum of clay would be destroyed by the Oper- 
ation. It would be better not to disturb the upper Stratum 
in this case, but to giye it as much firmness as possible, by 
ramming it with a heavy beetle, or by submitting it to a heayy 
pressure. 

390. Piles and sheeting piles of cast iron have been used with 
complete success in England, both for the ordinary purposes of 
cofferdams, and for permanent structures for whamng. The 

Eiles have been cast of a variety of forms ; in some cases they 
ave been cast bollow for the purpose of excavating the soil 
within the pile as it was driven, and thus facilitate its penetration 



into the subsoil. Fig. 15 repretients a cros« section of one of the 
more recent airaDgements of iron piles and sheeting piles. 
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391. Sand has also been used with adrantage lo tona a bed 
for foundations in a very compressible soil. For this purpose 
a trencfa in (Fig. 16) excarated, and filled with sand ,- tne sand 
being spread in layers of about 9 inches, and each layer being 
finn^ settied by a neavy beeile, before laying the nezt. If nater 
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should make rapidly in the trench, it would not be practicable to 
pack the sand in layers. Instead, therefore, of opening a trench. 
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holes about 6 feet deep, and 6 inches in diameter, (Fig. 17^ 
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flhoold be made, by means of a short pile, as close to^ther as 
practicable ; when the pile is withdrawn firom the hole, it is im* 
mediately filled with sand. To cause the sand to pack firmly, it 
should be shghtly moistened before placing it in the holes, or 
trench. 

Sand, when used in this way, possesses the valuable property 
of assuming a new position oi equilibrium and stability, should 
the soil«on which it is laid yield at any of its points. P^ot only 
does this take place along the base of the sand bed, but also along 
the edges, or sides, when these are eodosed by the sides of the 
trench made to receive the bed. This last point offers also some 
additional security against yieiding in a lateral diiection. The 
bed of sand must, in all cases, receive sufficient thickness to cause 
the f»:essuie on its upper sorface to be distributed over the entire 
base. 

392. When, firom the fluidity of the soil, the vertical pressure 
of the structure causes the soil to rise around the bed, this action 
may be counteracted« either by scooping out the soil to some depth 
around the bed and replacing it by another of a more compact 
nature, well rammed m layers, or with any rubbish of a sohd 
character.; or eise a mass pf loose stone may be placed over the 
surface exterior to the bed, whenever the character of the struc- 
ture will Warrant the expense. 

393. Precautüms against Lateral Yieiding» The soüs which 
have been termed compressible, strictly speaking, yield only by 
the displacement of their particles either in a lateral direction, or 
upwara around the structure laid upon them. Where this action 
arises firom the effect of a vertical weight, uniformly distributed 
over the base of the bed, the preceding methods for giving per- 
manent stability to structure, present all requisite security. jBut 
when the structure is subjected also to a lateral pressure, as for 
example, that which would arise from the action of a bank of 
earth resting against the back of a wall, additional means of secu- 
rity are demanded. 

One of the most obvious expedients in this case, is to drive a 
row of strong Square piles in juxtaposition immediately in contact 
with the exterior edges of the bed. This expedient is, however, 
only of Service where the piles attain either an incompressible 
soil, or one at least firmer than that on which the bed imme- 
diately rests. For otherwise, as is obvious, the piles only serve 
to transmit the pressure to the yieiding soil in contact with them. 
But where they are driven into a mm soil below, they gain a 
fixed point of resistance, and the only insecurity they oner is 
either by the rupture of the piles, firom the cross strain upon 
them, or firom the yieiding of the firm subsoil, frgm the same 
cause« 
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In case the jnles reach a firm subsoil, it will be best to scoop 
out the Upper yielding soil before driving the piles, and to Ell in 
between and around them with loose broken stone, (Fig. 18.) 
This wiU give the piles greater stiffness, and efiectually prevent 
them iiom spreadiiig at top. 
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When the [»les cannot be secured by attaining a firm subsoil, 
it will be better to diive them aiound the area at some distance 
from the bed, and, as a farther precaution, to place horizontal 
buttresses ofmasoni^ at regulär intervals &om the bed to the 
piles. By this arrangement, some additional security is gained 
from the counter-pressure of the soil enclosed between the bed 
and the wall of pHes. But it is obvious that unless the piles in 
this case are driven into a firmer sojl than that on which the struc- 
ture rests, there will still be danger of yielding. 

In using horizontal buttresses, the stone of which ihey are con- 
stnicted should be dressed with care ; their extremities near the 
wall of piles should be connected by horizontal aiches, (Fig. 19,) 
to distribute the pressure more uniformly ; and where there is an 
upward pressure of the soil around the atructure, ariaing from its 
weight, the buttresses ought to be in the form of reversed arches. 

In buttresses of this kind, as likewise in broad aieas resting oi) 
s Tery yielding soil, since as much danger is to be apprehended 
flxan their breaking by their own weight as from any other cause, 
it must be carefuTly guarded against. Something may be done 
for this purpose by ramming the eardi around the structure with. 
a heavybeetle, when it can be made more compact by this means ; 
or eise a part of the upper soil may be removed, and be replaced 
by one of a more compact nature which roay be nunmed in 
layers. 
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Tbe foUowing methods, where they can be rescoted to, and 
where the character of the stnicture will juetify the espense, hare 
been found to offer the best Becurity in tne case in question. 

When tbe bed can be buttressed in front with an enibankment, 
a low countei-wall (Fig. 20) may be built parallel to the edge of 
the bed, and Bome 10 oi 13 feet fiom it ; between this wslT and 
the bed a rcTersed arch connecting the two may be built, and a 
surcharge of esith of a compact chüacter and well mmmed, may 
be placu against tbe counler wall to act by its comiter preasure 
agamat the kteral pressure upon the bed. 
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When the bed cannot be buttreased in front, as in quay walls, 
B grillage and platform eupported on piles (Fig. 21) may oe built 
lo the rear from the back oi the wall, for the piirpose of support- 
ing the embankmem against the back of the wall, and preventing 
the effect which its pressure on the subsoil might have m thrust- 
ing forward the bed of the foundation. 
lu addition to these means, land Uea of iron will give great ad- 
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ditional secuiity, when a liied point in rear of the wall can he 
foond to attach Äem fiimly. 
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394. Foundations in Water. In laying foundations in water, 
two difficulties have to be orercome, both of which require great 
resources and care on the pait of the engineer. The first is found 
in the means to be used in prepaiing the bed of the foundation ; 
and the second, in aecuring the bed from the action of the water, 
to ensure the safety of the foundations. The last is, generally, 
the more difficult problem of the two ; for a cuirent of water wiU 
gradually wear away, not only every variety of loose soils, but 
also the more tender rocks, auch as most varieties of sand-stone, 
and the calcareous and argillaceous rocks, particularly when they 
are stratiüed, or are of a loose t«xture. 

395. To prepare the bed of a foundation in atagnant water, 
the only dimculty that presents itself is to eiclude the waler from 
the area on whicn the structure is to rest. If the depth of water 
is not over 4 feet, this is done by surrounding the area with an 
ordinary water-tight dam of clay, or of some other binding earth. 
For this pUFpose, a shallow trench is fornied around the area, by 
removing the soft, or loose stratimi on the bottom ; the foundation 
of the dam is commenced by ülling this trench with the clay, and 
the dam is made by spreading successire layers of c)ay about one 
foot thick, and pressing eacn layer aa it is spread, to render it 
more compact. When the dam is completed, the water is pumped 
out from the enclosed area, and the bed for the foundation is pre- 
pared aa on dry land, 

396. When the depth of stagnant water is over 4 feet, and in 
running water, of any depth, the ordinary dam must be replaced 
by the coffer-dam. This construction consists of two rows of 
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•fhak, termed aheeling piles, driven into the soil vertically, fonn- 
ing thuB a coffer work, between which clay or binding eaitfa, 
termed the puddling, is filled in, to fonn a water-tight dam to ex- 
clude the water &om the area enclosed. 

The anangement, constnicbon, and dimensions of cofier-dams 
depend on their specific object, the depth of water, and the nature 
of the subeoil on which the coffer-dam reats. 

With regard to the first point, the width of the dam between 
the eheeting piles should be so regutated as to serve as a scaffold- 
ing for the machinerj^ and materials required about the work. 
THib is peculiarlf requisite where the cofifer-dam encloses an isola- 
ted Position removed from the ahore, The interior Space enclosed 
by tne dam should hare the requisite capacity for receiving the 
bed of the foondalions, and such materiala and machinery as may 
be required within the dam. 

The width, or thickneas of the cofier-dam, bv which is under- 
stood the disiance between the sheeting piles, snould be sufficient 
not only to be impenneable to water, but to form, by Uie weight 
of the puddling, in combination with the resiBtance of the timber 
work, a wall of sufficienl Btrength to resist the horizontal pressure 
of the water on u.e eiterior, when the interior space ia pumped 
diy. The reaistance offered by the weight of the puddÜng to the 
pressure of the water can be eaaily calculated ; that offered by 
the timber work will depend upon the manner in which tbe 
framing is arranged, and tne means taken to atay, or buttress the 
dam from the enclosed space. 

The most simple and the usual construction of a coffer-dam 
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(Flg. 22) consists in driving a row of ordinary straight piles 
around the area to be enclosed, placing their centre lines about 4 
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feet asunder. A second row is driven parallel to the first, die 
respective piles being the same distance apart ; the distance be- 
tween the centre lines of the two rows being so regulated as to 
leave the requisite thickness between the sheeting piles for the 
dam. The piles of each row are connected by a horizontal beain 
of Square timber, termed a string or walepiece, placed a foot or 
two above the highest water line, and notched and bolted to each 
pile. The string pieces of the inner row of piles is placed on the 
side next to the area enclosed, and those of the outer row on the 
outside. Gross beams of Square timber connect the string pieces 
of the two rows, upon which they are notched, serving both to 
prevent the rows of piles from spreading from the pressure that 
may be thrown on tbem, and as a joisting for the scanblding. On 
the opposite sides of the rows, interior string pieces are placed, 
about the same level with the exterior, for the purpose of serving * 
both as ^aides and Supports for the sheeting piles. The sheeting 
piles bemg well jointed, are driven in juxtaposition, and against 
the interior string pieces. A third course of string, or ribbon 
pieces of smaller scantling confine, by means of large spikes» the 
sheeting piles against the interior strins pieces. 

As has been stated, the thickness of the dam and the dimen- 
sions of the timber of which the cofferwork is made, will depend 
upon the pressure due to the head of water, when: the interior 
Space is puniped dry. For extraordinary depths, the engineer 
would not jact prudently were he to neglect to verify by calcula- 
tion the equilibrium between the pressure and resistance ; but for 
ordinary depths under 10 feet, a rule followed is to make the 
thickness of the dam 10 feet; and for depths over 10 feet to give 
an additional thickness of one foot for every additional depth of 
three feet. This rule will give eveiy security against filtrationa 
through the body of the dam, but it might not give sufficient 
strength unless the scantling of the coffer work were suitably in- 
creased in dimensions. 

In very deep tidal water, coffer-dams have been made in oflf- 
sets, by using three rows of sheeting piles for the purpose of 

f^ving greater thickness to the dam below the low-water level. 
n such cases strong Square piles clösely jointed and tongued and 
grooved, should be used in place of the ordinary sheeting piles. 

Besides providing against the pressure of the head of water, 
suitable dimensions must be given to the sheeting piles, in order 
that they may sustain the pressure arisine from the puddling when 
the interior space is emptied of water. This pressure against the 
interior sheeting piles may be farther increased by that of the ex 
terior water upon the exterior sheeting piles, should the preasure 
of the latter be greater than the former. . To provide more se-» 
curely against the eSect of these pressures, intermediate string 

17 



190 MASONRY. 

pieces may be placed against the tnterior row of piles before the 
sheeting piles aie driren ; and the opposite sides of the dam on 
the interior may be buttressed by cross pieces reaching across the 
top string pieces, and by horizontal beams placed at intermediate 
points between the top and bottom of the dam. 

The main inconrenience met with in coffer-dams arises from 
the difficulty of preventing leakage ander the dam. In all cases 
the piles must be diiven into a firm stratmn, and the sheeting 
piles shoold equally have a firm footing in a tenacious compact 
sub-stratmn. When an excaration is requisite on the interior, to 
uncoyer the subsoil on which the bed of the foundation is to be 
laid, the sheeting piles should be driven at least as deep as this 
point, and somewhat below it if the resistance ofiereid to the 
oriving does not prerent it. 

The puddling should be formed of a mixture of tenacious clay 
and sand, as tnis mixture settles better than pure clay alone. 
Before placing the puddling, all the soft mud and loose soil be- 
tween the sheeting piles should be careiully extracted ; the pud- 
dling should be placed in and compressed in layers, care being 
taken to agitate the water as little as practicable. 

With requisite care cofier-dams may be us6d for foundations in 
any depth of water, provided a water-tight bottoming can be found 
for the puddling. Sandy bottoms offer the greatest difficulty in 
this respect, and when tne depth of water is over 5 feet, extraor- 
dinary precautions are requisite to prevent leakage under the 
puddling. 

When the depth of water is over 10 feet, particularly where 
the bottom is composed of several feet of soft mud, or of loose 
soil, below which it will be necessary to excavate to obtain a firm 
Stratum for the bed of the foundation, additional precautions will 
be requisite to give sufficient support to the interior sheeting piles 
against the pressure of the pudalmg, to provide against leaKage 
under the puddling, and to strengthen the dam against the pres- 
sure of the exterior water, when the interior space is pumped dry 
and excavated. The best means for these ends, when the locaf- 
ity will admit of their application, is to form the exterior of the 
dam, as has already been described, by using piles and sheeting 
piles, giving to the latter additional pomts of support, by intenne- 
diate string pieces between the one at top and the bottom of the 
water ; and to form a streng framing of timber for a support to 
the interior sheeting piles, giving to it the dimensions of the area 
to be enclosed. The frame-work (Fig. 23) may be composed of 
upright Square beams, placed at suitable distances apart, depend- 
ing on the strength required, upon which square string pieces are 
bolted at suitable distances from the top to the bottom, the bottom 
string resting on the surface of the mud. The string pieces. 
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serring as su^torts for the sheeting piles, must be on the sides of 
the uprightB towards the puddUng, tutd their faces in the same 
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Tertical p^ane. Between each pair of opposite uprighte, honzon- 
tal shores raay be placed at the points opposite the position of the 
string pieces, to increaae the resistance of the dam to the presaure 
of the water ; the top ahores eitending entirely acrosa the dam, 
and being notched on the top atring pieces. The interior shores 
must be so arranged that they cau be readily taken out as ihe 
masoniy on the interior is built up, replacing them by other shores 
resting against the masonry itsell. 

397. When the bed of a river presents a rocky surface, or rock 
coTered with bul a few feet of mud, or loose soil, cases may occur 
in which it will be more economical and equally safe to lay a bed 
of beton without ezhausting the water from the area to be built 
on ; enclosing the area, before throwing in the beton, by a simple 
coffer work iormed of a strong frame work of uprighta and hori- 
zontal bearas and sheeting piles. The frame work (Fig. 34) in 
this case is composed of uprights connected by string pieces in 
pairs ; each pair is notched aml bolted to the uprights, a sufficient 
mterräl being left between them for the insertion of the sheeting 
piles. To secure the frame work to the rock, it may be re- 
quisite to drill holes in the rock to receive the foot of each up- 
right. The holes may be drilled by means of a long iron bar, 
termed ajumper, which is used for this purpose, or eise the or- 
dinaiy diTing beU may be employed. This machine is very ser- 
viceable in all similar constructions where an examinalion of .w«rk 
under water is requisite, or in cases where it is necessaiy to lay 
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muoDry ander waler. The frame work is put together ob knd, 
floMed to its poBition, and Bettled up(m the rock ; the sheebDjf 
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piles are then driven into clow contact with the snr&ce of the 
rock. 

398. The conveDience and ecoilomy resulting fröm the use of 
beton for the beds of structures nuBed in water, have led Generat 
TreuBsart lo propose a plaa for laying beds of this material, and 
then to take advantage of their strength and impermeability to con- 
Btnicl a coffer-dam upim them, in order to carry on the super- 
-Btructure with more care. To effect this, tJje Space to be occupied 
by the bed (Fig. 25) is first enclosed by Square piles, diiven in 
iuxtapoaiiion and secured at top by a string piece, The mud and 
Joose Boil are then scooped from the enclosed area to the firm soil 
on which the bed of beton is to be laid. The bed of beton is next 
laid with the usual precautions, and white it is still soft a second 
row of Square piles is driven into it, also in justaposilion, and at 
.a NUta,ble distance from the firal for the thickness of the dam ; 
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'these are also secured at top by a atring piece. Cn»8 pieces a 
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notched upon Üie etnng pieces, to secure the rows of piles and fonn 
a Bcaffoldinff. An ordinary puddling is placed in between the rowa 
of piles, and the iulerior space U pumped dry. 

Should the soil under the bed of beton be penneable, the pres- 
sure of the water on the base of the bed tnay be sufficien^ raise 
the bed and the dam upon it, when the water is taken from the 
ittterior Space. A proper calculation will show whether this dan- 
ger ia to be apprehended, and should it be, a provisional weight 
must be placed (hi the dam, or the bed of beton, before ezhaust- 
ing the interior. 

399. When the depth of water is great, or when, from the 
pemieability of the soil at the bottom, it is difGcuIt to prevent 
teakage, a coffer-dom may be a less economical method of laying 
foundations than the caisson. The caüson (Fig. 26) is a stronjr 
water-tight ressel having a bottom of solid heary timber, and 
veitical sides so arranged that they can be readily detached from 
the bottom. The following is the usual arrangement of the caia- 
Bon, it, like the coSer-dam, being subject to (langes to suit it to 
the locality. The bottom of the caisson, serring as a plalfonn 
for the foundation course of the masonry, is made level and cf 
heavy timber laid in juxtaposition, the ends of the beams being 
confined by tenons and acrew-bolts to longitudinal caiming pieces 
of larger dunensions. The aides of the box are usually rertical. 
The sides are formed of upright pieces of scantling covered with 
thick plank, the «eama bemg carefuUy calked to make the cai»- 
Boa watet-light The lower ends of the uprighu are inserted 
into Rhsllow mortises made in the capping. The anangement 
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for detaching the sides, ü effected in the following manner. 
Streng hoolu of wiought iron are fixed to the bottom of the 




caisBon at the eides of the capping piece, correspondin^ to the 

giints where the uprighta of the sides are inserted into this piece. 
ieces of streng scantling are laid acroas the top of the caisson, 
resting on the opposite uprig'hta, upon which they are notched. 
These cross pieces prqject beyonid the aides, and the projecting 
parts ue penorated oy an auger-hole, large enough to leceive a 
Dolt of two inches in diameter. The object af tfaese cross pieces 
is twofold ; the first is to buttress the aiaea of the caisson at top 
against the exterior pressure of the water ; and the Bec(»id is to 
»erve as a point of support for a long bolt, or rod of iron, with an 
eye at the lower end, into which the hook on the capping piece 
is inserted, and a acrew at top, to which a nut, or female screw 
is fitted, and which, reating on the croBS jüecea as a point of sup- 
port, draws the bolt ti^t, and, in that way, attaches the sides 
and bottom of the caisBOn firmly together. 

A bed is prepared to receire theliottom of the caisson, hy lev- 
elling the «oü on which the Btru&ture is to rest, if it be of a suit- 
able character to receive directly the foundation ; oi by diiving 
laige pileB throu^ the upper compressible strata of the soil to 
the finn Stratum beneath. The heads of the piles are sawed off 
on a level to receive the bottom of the caisson. 

To settle the caisson on its bed, it is floated U> and moored 
OTer it ; and the masonry of the structure is commenced and 
carried up, until the weight grounds the caisson. The caisson 
should be BO contrived, mat it can be grounded, and afterwards 
raised, in caae that the bed is found notto be accurately levelled. 
To e&ect this, a amall sliding gate should be placed in ihe side 
of the caisson, for the purpose of Alling it with water at plessurc. 
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By means of this gate, the caisson can be filled and grounded, 
and, by closing the gate and pumping out tbe water, it can be set 
afioat. 

After the caisson is setded on its bed, and the masonry of the 
stnieture is raised above the surface of the water, the sides are 
detached, by first unscrewing the nuts and detaching the rods, 
and then taking off the top cross pieces. By first filling the cais- 
son with water, this Operation of detaching the sides can be more 
easily perfonned. 

400. To adjust the piles before they are driven, and to prevent 
them firom spreading outward by the Operation of driving, a strong 
grating of heavy timber, formed by notehing cross and longitudi- 
nal pieces on each other, and fastening them firmly together, may 
be resorted to. ' This grating is arranged in a similar manner to 
a grillage ; only the square compartments, between the cross and 
string pieces, are larger^ so that they may enclose an area for 4 
or 9 piles ; and, instead of a single row of cross pieces, the 
grating is made with a double row, one at top, the pther at the 
bottom, embracing the string pieces on which they are notched. 

The grating may be fixed in its position at any depth under 
water, by a few provisional piles, to which it can be attached. 

401. Where tne area occupied by a structure is very consider- 
able, and the depth of water great, the methods which have thus 
far been explained cannot be used. In such cases, a firm bed 
is made for the structure, by forming an artificial island of loose 
heavy blocks of stone, which are spread over the area, and receiye 
a batter of from one perpendicular to one base, to one perpen- 
dicular and six base, according to the exposure of the bed to the 
effects of waves. This bed is raised several feet above the sur- 
face of the water, according to the nature of the structure, and 
the foundation is commenced upon it. 

402. It is important to observe, that, where such heavy masses 
are laid upon an untried soil, the structure should not be com- 
menced before the bed appears entirely to have settled ; nor even 
then, if there be any danger of further settling taking place froui 
the additional weight of the structure. Should any doubts arise 
on this pcmit, the bed should be loaded with a provisional weight, 
somewhat greater than that of the conteniplated structure, and 
Ulis weight may be gradually removed, if composed of other 
materials than those required for the structure, as the work pro-^ 
gresses. 

403. To give perfect security to foundations in running water, 
the soil around the bed must be protected to some extent from 
the action of the current. The most ordinary method of effect- 
ing this, is by throwing in loose masses of broken stone of süffig 
cient size to resist the force of the current. This method. will 
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^e all requiied security, wb«re the soil is not of a shifting cha- 
racter, like sand and gravel. To aecure a soil of this last nature, 
it will, in some cases, be oecessary to scoop out the bottom aiound 
the bed to a depth of from 3 to 6 feet, and to ftll this excavited 
part with beton, the suriace of which may be protected from the 
wear arising frwn the acüon of the pebbleB carried oTer it by the 
current, by corerine it with broad nat flaeging aUmtB. 

404. When the bottom ia composed oiHon mud to any great 
depth, it may be protected by enclosing the area with sneeting 

f)iles, and then Jilling in the enclo»ed space with tragments of 
oose Btone. If the mud is Tery soft, it would be advisable, in 
the first place, to corer the area with a grillBse, or with a layer 
of brushwood laid compactly, to serve as a oed for the loose 
Btone, and thus form a more stähle and solid masa. 

CONSTRÜCTION OF HASONRY. 

405. Under this head will be comprisedwhateverrelates tothe 
manner of detennining the forms and dimensions of the most im- 
portant elementary components of atnictures of maeoniy, together 
with the practica! detaifs of their construction. 

406. Foundation Courses. As the object of the foundations is 
to give greater stability to the structure by difiiising its weight 
over a broad surface, their breadth, or spread, should be propor- 
tioned both to the weight of the structure and to the resistancc 
offered by the subsoil. In a perfectiy unyielding soil, like hard 
rock, there would be no increase of stabihty by augmenting the 
base of the structure beyond what would be strictiy necessary to 
its stability in a lateral direction ; whereas in a rery compressible 
soil, like soft mud, it would be necessary to make the base of the 
foundation very broad, so that by diffusing the weight over a great 
surface, tiie subsoil may offer sufficient resistance, and any un- 
equal settling be obriatra. 

407. The tbickness of the foundation course will depend on 
the spread ; the base is made broader than the t^ from motives 
of economy. This diminution of tbe volume (Fig. 27} is made 



eithet in steps, termed ofaets, or elae by giring a uniform batter 
frran tfae base to the top. The latter method is now generally 
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used ; it presents equal stability with the foimer with a smaller 
Tohime. 

"Wken the foundation has to resist only a verticEtl pressure, an 
equal batter is giveii to it oti each aide ; but if it'has {o resist also 
a lateral effort, the spread should be greater on the side opposed 
to this effort, in order to resist its tendency, which would lie to 
cause a yielding an that side. 

40S. The bottom course of the foundations is tisaally fonned 
of the largest sized blocks, roughly dreased off with the nammet ; 
but if the bed is compressible, or the surfaces of the blocks aie 
winding, it is preferable to use blocks of a small size foi the bot- 
tom course ; because these smati blocks can be finsly seitied, bv 
ineans of a heavy beetle, into close contact with the bed, which 
cannot be done with large sized blocks, particularly if tbeir under 
surface is not perfectly plane. The next course above the bottom 
one should be of large blocks, to bind in a lirm manner the smaller 
blocks of the bottom course, and to diffuse the weight morc uni> 
formly over them. 

409. When a foundation for a stnicture rests on isolated Sup- 
ports, like the pillars, or cotumns of an edifice, an inverted or 
counter-arch, (Fig. 28,) should connect the top course of the 
foundation under the base of each isolated support, so that the 
pressure on any two adjacent ones may be distributed over the 
bed of the foundation in the interval hetween them. This precau- 
tion is obviously necessary only In compressible soils. In inconi- 
pressible soils it would be alone reqnisite to carry up the courses 
munediately below each support with great care, to present a 
Stahle bed for the base of the support. 



The reversed arch is also used to giie greater breadth to the 
foundations of a wall with counterforts, and in cases where an 
Upward pressure from water, or a semi-fluid soil requires to be 
countcracted. In the former case the reversed arches are tumed 
under the counterforts ; in the latter they form the points of sup- 
port of the walls of the stnicture. 

410. The angles of the foundations should be fonned of the 

niost massiYe blocks. The courses should be carried up uni- 
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fonnly throughout the foundation, to prevent unequal setding in 
the mass. 

The stones of the top course of the foundation should be suffi- 
ciently large to allow tne course of the superstructure next above 
to rest on the exterior stones of the top course. 

411. Hydraulic mortar should be used for the foundations ; 
and the upper courses of the structure should not be commenced 
until the mortar has partially set throughout the entire founda- 
tion. 

412. Componentpartsof Structuresof Masonry» These may 
be divided into several classes, according to the efibrts they sus- 
tain; their forms and dimensions depending on these efforts. 

Ist Those which sustain only their own weight, and are not 
liable to any cross strain upon the blocks of which they are 
formed, as tne walls of enclosures. 

2d. Those which, besides their own weight, sustain a vertical 
pressure arising from a weight bome by them, as the walls of edi- 
nces, columns, the piers of arches, &c. 

dd. Those which sustain lateral pressures, and cross strains 
upon the blocks, arising from the action of earth, water, frames, 
or arches. 

4th. Those which sustain a vertical upward, or downwaid 
pressure, and a cross strain, as areas, lintels, &c. 

5th. Those which transfer the pressure they directly receive 
to lateral points of support, as arches. 

413. Walls of Enclosures, Walls for these puiposes may be 
built of brick, nibble, or dry stone. 

Brick walls are usually built vertically upon the two faces ; 
their thickness cannot be less than that of one brick. . A wall of 
one brick and a half thick will serve for any length, provided the 
height be not over 15 or 20 feet. 

Rubble stone walls should never receive a thickness less than 
18 inches when the two faces are vertical. Rondelet, in his work 
TArt de Bätir, lays down a rule that the mean thickness of both 
rubble and brick walls should be rV ^f their height. 

Dry stone walls should not receive a less thickness than two 
feet. When their heiffht exceeds 12 feet, their mean thickness 
should be } of the height. 

Stone walls are usually built with sloping faces. The batter 
should not be greater, when the stones are cemented with mor* 
tar, than one base to siz perpendicular, in order that the rain may 
run rapidly from the surnice, and that the wall be not too mucn 
exposed to decay from the germination of seeds which may lodge 
in the joints. 

The batter is arranffed either by building the wall in offsets 
from top to bottom, or by a uniform surface. In either case, the 
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thickness of the wall at Top should not be lese than firom 8 to 12 
inches. 

When a wall is built with an equal batter en each face, and the 
thickness at the top and the mean thickness are fixed, the bdse of 
the wall, or its thickness at the bottom, will befound by subtract" 
ing the thickness at top from twice the mean thickness. This 
rufe evidently makes the batter of the wall depend upon the two 
preceding diinensions. 

The mean thickness of long walls may be advantageously 
diminished by placing counterforts, or buttresses, upon each face 
at equal distances along the line of the wall. These are spurs 
of masonry projecting some length firom the wall, and are firmly 
connected with it by a suitable bond. The horizontal section of 
the counterforts may be rectangular ; their height should be thd 
same as that of the wall. 

In nibble wall the counterforts may be made of hanunered» or 
cut stone. In additibn to this means of strengthening walls, hori- 
zontal coursesy or chains of dressed stone may be advantageously 
used from distance to distance, from the bottom of the wall up- 
ward. 

414. Vertical Supports. These consist of walls, columns, or 
pillars, according to circumstances. The dimensions of the 
courses of masonry which compose the supports should be regu- 
lated by the weight borne. I^ as in the walls of edifices, the 
resultant of the efforts sustained by the wall should not be verti- 
cal, it must not intersect the base of the wall so near the outer 
edge, that the stone forming the lowest course would be in danger 
of being crushed. 

In broad ehclosed Spaces covered at top, the dimensions of the 
wall may be calculated as in the case of ordinary enclosures, and 
the dimensions thus obtained be increased in proportion to the 
weight to be borne. 

Gross walls between the exterior walls, as the partition walls 
of edifices, should be regarded as counterforts which strengthen 
the main walls. 

415. Areas. The term area is applied to a mass. of masonry, 
usually of a uniform thickness, laid over the ground enclosed by 
the foundations of walls. It seldom happens that areas have an 
upward pressure to sustain. Whenever this occurs, as in the 
case of tne bottoms of cellars in communication with a head of 
water which causes an upward pressure, the thickness and ar- 
rangement of the area should be regulated to resist this pressure. 
When the pressure is considerable, an area of uniform thickness 
may not be sufficiently streng to ensure safety ; in this case an 
inverted arch must be used. 

416. Retainingy or Sustaining Walls. These terms are ap- 
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plied to Walls which sustain a lateral pressure from an embank- 
ment, or a head of water. 

417. Retaining walls may yield by sliding either along the 
base pf the foundation courses, or along one of the horizontal 

{'oints, or by rotation about the exterior edge of some one of the 
lorizontal joints. 

418. The determination of the form and dimensions of a re- 
taining wall for an embankment of earth is a problem of consider- 
able intricacy, and the mathematical Solutions which have been 
given of it have generally been confined to particular cases, for 
which approximate results alone have been obtained ; these, how- 
eyer, present sufficient accuracy for all practical purposes within 
the limits to which the Solutions are apphcable. Among the many 
Solutions of this problem, those given by M. Poncelet of the Corps 
of French Mihtary £nffineers, in a Memoir on this subject, puo- 
lished in the M^moricU de rOffjcier du GhtiCy No. 10, present 
a degree of research and completeness which pecuUarly charac- 
terize all the writings of this gentleman, and have ffiven to bis 
productions a claim to the füllest confidence of practical men. 

The following fonnula, appUcable to cases of rotation about the 
exterior edge oi the lowest norizontal Joint, are taken from the 
memoir above cited. 
CaUing H, the height BC (Fig. 29) of a wall of uniform thick- 

ness, the face and back being vertical. 



Gf 




Uff. 9— RepnMDti a sectioii O of • ntainuig wall 

with the face and back YeiticaL 
P, flectkm oftha embankment above the wall. 



hy the mean height CG of the embankment, retained by the wall, 
above the top of the wall. 

c, the herm DI, or distance between the foot of the embankment 
and the outer edge of the top of the wall. 

a, the angle between the line of the natural slope BN of the earth 
of the embankment and the vertical BG. 

/"= cot. a, the co-efficient of friction of the earth of the embank- 
ment. 
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Wf the weight of a cubic foot.of the earth. 

u/y the weight of a cubic foot of the masonry of the wall. 

6, the base AB, or thickness of the wall at bottom. 

Then, _ 

5=0.74tan. J« V^^^,(Ä+1.126H)+0.0488A --0.56c tan.a(A 



w 

- 0.6 ^) 4 - 0.25). 



H 



The above formula gives the value of the base of a wall with 
vertical faces, within a near degree of approximation to the true 
result, only when the values of the cuantities which enter into it 
are confined within certain limits. These limits are as foUows : 
for h, between and H ; c, between and |H ; /, between 0.6 
and 1.4, which correspond to values of a of 70^ and 35°, being 
in the one case the angle which the line of the natural slope oi 
very fine dry sand assumes, and in the other of heavy clayey 
earth : and for w, between w', and ^w'. Besides these limits, 
the formula also rests on the assumption that the ezcess of stabil- 
ity of the wall over that of a strict equihbrium is represented by 
0.912 ; or, in other words, that the moment of the pressure against 
the wall is taken 0.912 greater than the moment of strict equi- 
librium between it and the walL This excei^s of stability given 
to the wall supposes an excess of resistance above the pressure 
against it equal to what obtains in the retaining walls of Vauban, 
for fortifications which have now stood the test of more than a 
Century with security. 

419. Having by the preceding formula calculated the value of 
6 for a verticalwall, the base b' of another wall, presenting e^ual 
stabiUty, but having a batter on the face, the back being vertical. 




Flg. 30— Reprnnnts-ft lectkn O of a 

a Bioi^iiig face AD. 
P, section of the embankmauL 



wdDwilh 



which is the usual form of the cross section of retdning waDsy 
can be calculated firom the foUowing notation and formula. 
Calling (Fig. 30) b' the base of the sloping wall. 
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kd 
n =: Y^ the batter, or ratio of the "base of the slope to the per- 

pendicular, or height of the wall. 

Then, 

l/ = b + j\nH. 

420. With regard to slidinff either on the base of the founda- 
tion courses, or on the bed of any of the horizontal joints of the 
wall, M. Poncelet shows, in the memoir cited, by a comparison 
of the results obtained from calculations made under the suppo- 
sitions both of rotation and sliding, that no danger need be appre- 
hended from the latter, when the dimensions are calculated to 
conform to the former, so long as the limits oth are taken between 
and 4H ; particularly if the precaution be taken to allow the 
mortar of the masonry to set &rmly before forming the embank- 
ment behind the wall. 

421. Form of Section of Retaimng Walls. Retaining walls 
have been built with a variety of forms of cross section. The more 
usual form of cross section is that in which the back of the wall 
is built vertically, and the face with a batter varying between one 
base to sixperpendicular, and one base to twenty-four perpen- 
dicular. Tne former limit having been adopted, lor the reasons 
already assigned, to secure the joints from the effects of weather ; 
and tne latter because a wall having a face more nearly vertical, 
is liable in time to yield to the effects of the pressure, and lean 
forward. 

422. The most advantageous form of cross section for econo- 
my of masonry is the one (Fig. 31) termed a leaning retaining 




Kg. 31— lUprasBiite a Mctkn O of a leaning retaining 
wall with a iloping face AD and the back BC ooun- 
ter^loped. 



wall. The counter slope, or reversed batter of the back of the 
wall, should not be less than six perpendicular to one base. In 
this case strength requires that the perpendicular let fall from the 
centre of gravity of the section upon the base, should fall so far 
within the inner cdge of the base, that the stone of the bottom 
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course of the foundation may present sufficient aur&ce to bear 
die pressure upon it. 

423. Walls with a cnrved batter (Fw. 32) both upon the face 
and back, have be«i used in England, by some engineera, for 
quays. They piesent no peculiai advantages in etxength over 



walls with plane faces and backs, and require particuiar care in 
arranging the bond, and fitting the stones oc bricks of the face. 

424. Measures for increasing the Strength of Retaining 
Walls. These consist in the addition pf counterforts, in the use 
of reUeving aiches, and in the modes of fonning the embank- 
ment. 

425. Counterforts giye additional strength to a retaining wall 
in several ways. By dividing the whote line of die wall into 
shorter lengths between each pair of counterforts, they prevent 
the horizontal courses of the wall from yielding to the pressure 
of the earth, and buldng outward between the extremtties of the 
.walla ; by receiving Uie pressure of the earth on the back of the 
counterfort, instead of on the corresponding portion of the back of 
the wall, its efTect in producing rotation about the exterior fool of 
the wall is diminished ; the sides of the counterforts acting as 
abutments to the mass of earth between them may, in the caae <rf 
Sand, or like soll, cause the portion of the wall between the coun- 
terforts to be reljeved from a part of the pressure of the earth 
behind it, owing to the manner in which the particles of sand be- 
come buttressed against each other when confined laterally, and 
oflFer a resistance to pressure. 

426. The horizontal section of counterforts may be either 
rectangular, or trapezoidal. When placed against the back of a 
wall, the rectangiAar form offers the greater stability in the caae 
of rotation, and is more economical in construction ; the trape- 
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soidal form gives a broader and thenfore a finner connection he~ 
tween the wall and counleribrt than the reclangular, a point of 
■ome consideradoii where, &om the character of tne materiala, the 
fltrength of this connection must noainly depend upoo the strength 
of the moTtar used for tbe maaoniy. 

427. Counterfoits have been chiefly used by military engineers 
for the retaining wall« of fortilications, teräieä revitements. In 
regulating their form and dimensions, the practice of Vauban has 
been generally followed, which is to make the horizontal section 
of the counterfbrt trapezoidal, making the height of the trapezoid 
cf, (Fig. 33,) which conresponds to the length of the counterfort, 
two tenthx of tke Jteight qf the toaü added lotwofeet, the base of 
the trapezoid ob coiresponding to the junction of the counterfoit 
and back of the wall, one tenth ofthe height added to two feet, 
and the slde cd which correspandB to the back of the counterfort 
equal to two thirds of the base ab. The counterforts are placed 
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from 15 to 16 feet irom centre to centre along the back of the 
wall, according to the strength required. 

4S8. In admng counterforts to walts, the practice has generally 
been to regard them only as giving additional atability to the wall, 
and not as a means of diminishing its volume of masonry of 
which the additiwi of the counterforts ought to admit. Considered 
in thia last point of yiew, the problem for determining both the 
suitable dimensions of the counterforts and the thickness of the 
corresponding wall, is one of very considerable mathematical 
difficutty, whose edution must repose upon assumptiona made aa 
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to the maimer in which the portions of the wall between the 
counterfort« would be likely to yield to the pressure upon them, 
the Support which they receive from the two counterforts at their 
extreoiities, and the stability wl^ch the counterforts add to the 
entire System in preventing rotation. 

429. Relieving Arches are so termed from their preventing a 
p(»rtion of the embankment from resting against the back of Üie 
wall, and thus relieving it from a part of the pressure. They 
consist (Fig. 34) of one or more tiers of brick arches built upon 
counterforts, which act as the piers of the arches. 
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In arranging a combination of relieving arches and their {»era, 
the latter, uke ordinary counterforts, are placed about 18 feet 
apart between their centre lines ; their length should be so re^- 
lated that the earth behind them resting on the arches, and falhng 
under them with the natural slope, shall not reach the wall be- 
tween the arch and the foot of the back of the wall below the arch. 
The thickness of the arches, as well as that of the counterforts, 
will depend upon the weight which the arches sustain. The 
dimensions of the wall will be regulated by the decreased pres- 
sure against it caused by the action of the arches, and the point 
at which this pressure acts. 

430. Whenever it becomes necessary to form the embankment 
before the mortar of the retaining wall nas had time to set firmly^ 
various expedients may be employed to relieve the wall from tne 
pressure which the embankment, if formed of loose earth, would 
throw upon it. The portion of the embankment next to Üie wall 
may be of a compact binding earth placed in layers inclining 
downward from the back of the wall, and well rammed ; or of a 
stiff mortar made either of clay, or sand, with about ^V^ üi bulk ' 
of lime. Instead of bringing the embankment directly against 
the back of the wall, dry stone, or fascines may be laid in to a 
suitable depth back from the wall for the same purpose» The 

f>recaution, however, of allowing the mortar to set firmly before 
brming the embankment, shouldnever be omitted ezcept in cases 
of extreme urgency, and then the bond of the masonry should be 
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arranged with peculiar care, to pretent disjunction along any of 
the horizontal joints. 

431 . Walls built to sustain a pressure of water should be regu- 
lated in form and dimensions like the retaininff walls of embank- 
ments. The problem in this case is one of less difficulty than 
in the other, £rom the greater simplicity of the mäthematical 
formula for the pressure of water. The buoyant effort of the 
water must be taken into account in this calculation, whenever the 
masonrv is so placed as to be partially immersed in the water. 

432.'^Heayy walls, and even those of ordinary dimensions, 
when exposed to moisture, should be laid in hydraulic mortar. 
* Grout has been tried in laying heavy nibble walls, but with de- 
cided want of success, the successiye drenchings of the stone 
causing the sand to separate £rom the lime, leaving when dry a 
weak porous mortar. When the stone is laid in fuU mortar, grout 
may be used with adyantage over each course, to fill any voids 
left in the mass. 

433. Beton has frequently been used as a filling between the 
back and facing of water-tight walls ; it presents no adyantage 
oyer walls of cut, or nibble stone laid in hydrauUc mortar, and 
causes unequal settling in the parts, unless great care is taken in 
the construction 

434. When a weight, arising from a mass of masonry or earth, 
rests upon two or more isolated support-s, that portion of it which 
is distnbuted oyer the space, or bearing between any two of the 
Supports, may be bome by a block of stone, termed a lintel, laid 
honzontally upon the Supports, by a combination of blocks termed 
n plate-iandey so arranged as to resist, without disjunction, the 
pressure upon them ; or by an arch. 

435. LinteL Owing to the slight resistance of stone to a cross 
Btrain, and to shocks, lintels of ordinary dimensions cannot be 
used alone with safety, for bearings oyer six feet. For wider 
bearings, a sUght brick arch is thrown across the bearing aboye 
the lintel, and thus relieyes it from the pressure of the parts 
aboye. « 

436. PkUe-bande. The plate-bande is a combination of blocks 
cut in the form of truncated wedges. From the form of the 
blocks, the pressure thrown upon them causes a lateral pressure 
which must be sustained either by the supports, or by some other 
arrangement, (Fig. 35.) 

The plate-banae should be used only for narrow bearings, as 
the Upper edges of the blocks at the acute angles are Uable to 
splinter from the pressure. If the bearing exceeds 10 feet, the 
plate-bande should be relieyed from the pressure by a brick arch 
aboye it. Additional means of strengthening the plate-bande are 
sometimes used by forming a broken Joint between the blocks, or 
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by a projection tnsde on the &ce of one block to fit into a cof- 
responding indent in the adjacent one, or by connecting the blocke 
.nitli iron bolts. 

Fli. SS— Repnmiti ■ cran 
ndka oi a idUe-buMlB, 
■howinc Um maiuier in 
whMiBMVOuniNnA.A 
•nd B die out Bii#<»a- 
tnctod brmeUlciaQipa. 

liitJeafwifNi^ iioa for 
Ihs idale-bude fastened 
lo 0» biriti of, lel inlo 
Um Di«» of ÜK plala~ 

When, &om any cause, the supports cannot be rnnde suffi- 
ciently Btronz to resist the lotra^l pressure of the plate-bande, the 
extreme blocks must be united by an iron bar, termed a He, suit' 
ably ananged to keep the blocks from yielding. 

437. Arches. The arch is a combination of wedge-shaped 
blocks, termed arch stones, or vouasoin, truncated lowards the 
angle of the wedges by a. curved surface which is uaually normal 
to the surfaces of the joints between the blocks. This inferior 
Burface of the arch is termed the intrados, or soffit. The Upper, 
OTOutei surface of the arch is termed the extrados, or hack, 
(Fig. 36.) 
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438. The extreme blocks of the arch rest againBt lateral Sup- 
ports, termed abutmetüs, which sastain both the vertical pressure 
arising from the weight of the arch stones, and the weight of 
whatevar lies upon them ; also the lateral pressure caused oy.the 
actioD of the arch. 

439. In a ränge, m series of arches placed aide by 9ide,.the 
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-Mtreme suj^rts are tenned the abutments, the intennediate sup- 
potta which sustain the intennediate archea and the halves of the 
two extreme ones are tenned piers. When the size of the aiches 
is the same, and their springing lines are in the same horizontal 
friane, the piers receive no other pressure but that aiising firom 
the weight of the arches. 

440. Arches are ckssified, from the iform of the soffit, into 
cyltndricaly amicale ccnoidal^ warped^ annulary groined^ clois' 
teredy and domes. Thej are also termed righty oblique, or askew^ 
and rampant, firom their direction with respect to a vertical, or 
horizontal plane. 

441. Cylindrical Arch, This is the most nsual and the sim- 
plest form of arch. The soffit consists of a porti(xi of a cylindri- 
cat surface. When the section of the cylinder perpendicular to 
the azis of the arch, termed a right section, cuts firom the surface 
a semi-circle, the arch is termed a ßiU cerUre arch ; when the 
section is an are less than a s^ni-circle, it is termed a segment 
arch; when the section gives a semi-ellipse, it is tenned an 
dUptical arch; when the section gives a curve resembling a 
semi-ellipse, formed of arcs of circles tangent to each other, the 
alc|i is tenned an ovul, (Fig. 87,) or hasket handle, and is called 
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a curve of three, ßve, &c. centres, acoording to the number of 
QTCs, which must be odd to obtain a curve symmetrica! with 
respect to the vertical line bisecting it ; when the section is that 
of two arcs of circles intersecting at the middle point of the curve, 
it is termed a pointed, or an ootuse or surbased arch, (Fi^. 38 
and 39,) accordmg as the angle between the arcs at their inter- 
' section is acute, or obtuse. 

A cylindrical arch is denominated a right arch when it is ter- 
minatol by two planes, termed the heads of the arch, perpendicu- 
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lai to the axis of the ai^h; cbliquey or askew, whea the headff 
are oblique |o the axis ; and rampant when the azia of the aich 
ia oblique to the horiaBontal plane. 
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442. The chord of the cunre of right section (see Fig. 36) ia 
termed the span of the arch, its versed sine the rtse of me arch. 
When the heads of the arch are oblique to the axis, the chord of 
the oblique section made by the plane of the heads is termed the 
span of the askßw section. The lines of the soffit correspmidinc 
to the extremities <Ä the span are termed the mringing lines dl 
the arch ; the top portion, or line of the somt, is termed the 
croum. The top stone of the crown the key stane, The line 
drawn through tne middle point of the span at the extremities of 
the arch, is termed the €ucis of the arch. 

443. The form of right section will depend upon the purposes 
which the arch is to senre, the locality, and the style of architec- 
ture employed. When the rise is less than hall ihe span, the 
arch is.weaker than in either ihe füll centre, or where the rise is 
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greater than half the span. The methoda of describmg the ¥8110118 
cunres of light section will be lexplained in the Appendix. 

444. The same general principle is followed in arranging the 
joints and bond of the masonry of arches, as in other structures 
of cut stone. The sur&ces oi the joints sfaould be normal to the 
Burface of the soffit, and the surfaces of any two Systems ofjoints 
should be nonnal to each other at their lines of intersection. These 
cpnditions, with respect to the joints, will be saüsfied by tracing 
upon the soffit its lines of least and greatest cunrature, and taking 
fhe edges of one series of joints to correspond with one of these 
Systems of lines, and the edges of the other series with the other 
System, the surfaces of the joints being formed by the surfaces 
normal to the soffit along the respective lines in auestion. When- 
eyer the surface of the soffit belongs to any of the families of 
geometrical surfaces, the joints will be thus either plane, or de- 
velopable surfaces. In Uie cylindrical arch, for example, the 
edges of one series of joints will corre8t>ond to the elements of 
the cylindrical surface, while those of tne other will correspond 
to the curves of right section, the former answering to th6 line 
of least, and the latter of greatest cunrature. The surfaces of 
the joints will all be plane surfaces, and, being normal to the 
soffit along the lines m question, will be normal also to each 
other. 

445. In füll centre and segment arches, the youssoirs are 
usually made of the same breadth, estimated along the cunre of 
right section. The planes of the joints of each course of yous 
soirs between the heads of the arch are made continuous, (see 
Fig. 36,) each of these courses beinff termed a string course, and 
their joints coursing joints. The pleuies of the joints along the 
curyes of right section are not continuous, but break joints ; the 
/Stones which correspond to two conseöutiye series of tiiese joints 
being termed a ring course, and its joints heading joints. By 
this combination of the ring and string courses, the mting of the 
blocks, the settling of the courses, and the bond are arranged in 
the best manner. 

446. In the other forms of right section of cylindrical arches, 
it may not, in many cases, be practicable to giy.e the youssoirs 
the same breadth, owing to the yariable curyature of the right sec- 
tion ; but the same arrangement is followed for the ring and string 
courses. 

447. In obUque cylindrical arches, when the obliquity is but 
slight, no change will be required in the arrangement of the 
courses and joints ; but when the angle between the heads and 
the axis is considerably less than a right angle, the ring courses 
atthe extremities of tne arch would haye what is termed ^false 
bearingy that is, the pressure upon their coursing joints would 
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not be transmitted in the direction of the presaure to the fixed, 
lateral supports, and thercfore these portions.of the arch would 
be inaecure. To obviate these defects, aB well as the unequal 
bearing upon the lateral supports in such case, ärrangements of 
the cDurBin^ and heading jointa have been devised, by which a 
better bond is obtained, and the total presaure from tiie voussoirs 
thiown upon the abutments. 

One method for this puipose haa been moatly uaed in England, 
and conaist« in placing the edgea of the heading and coursing 
jointa along spiral lines of the cylindrical aoffit whicb intersect 
each otber at rieht angles. Tbe directing spiraU for the heading 
joints (Fig. 40) Being taken parallel to the one which is drawn con- 
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necting the extreme pointa of the askew cmre of the head ; thoae 
for the couising being traced peipendicular to tbe former. The 
joints being normal to th6 somt along the spirals, will be helicoi- 
dal surfacea. This method palliates only to some extent the 
weakneas of the bond in the courses near the heads, and giving 
a considerabie dip to the coursing jointa at the extremities of the 
abutments which make an acute angle with their faces, it presents 
here also a weak point. It posseases an important advantage, 
howerer, in permitting the soffit ends of the string courses to oe 
of equal brrädth throughout, and therefore allows the method to 
be adapted as well to brick as cut stone. To bring the coursiag 
jointB to correspond exactly with ^e divisions of the ring courses 
of the heads, it may be necessary, in some cases, to ahift the 
spirals of Uie coursing joints slightly, in making the drawings for 
tne arch. The end blocks of the string courses which rest up<xi 
the abutment, or eise the top course,of the abutment, must be 
suitably cut to coirespond to the direction of tbe heading joints 
and that of the horizontal courses of the abutment. 

448. A second method, in use among the French engineera, 
consists in making tbe heading joints plane sur&ces and parallel 
to the heads of the arch, and in bdcing for the edges of ihe coursing 
joints (Fig. 41) tbe trajectoriea tiaced on the soffit perpendicular 
to ihe edges of the heading joints. Tbe surfaces oi tbe coursing 



wints an mkde Dramal to the loffit Bjr thii plan Bome of ä» 
defects of the ibimei ure remedied, but it has the dieadTantage 
^"^ '■ " ~*~- — n«. <i— K ttM u ar 

^ liMdaiidaimrtMa 
= oT Um Mfltt of. u 




HC«. 



of Bfing an nneqnal breadth to the soffit ends of the Toossoin, 
aDcTtberefDre is inapplicable to brick aiches. The ciures of the 
trajeclories and the couraing joints are of more dif^nlt coostruc- 
tion than in the firat method. 

449. Cylindricat, groined, and cloiBtered arches are fonned by 
the intersections of two or more cylindrical aiches. The spau 
of the arches may be diffeient, but the rise is the same in each. 
The axes of the cylinders will be in the same plane, and ihey may 
interaect under any ande. 

The groined arch (Fig. 42) is fomied by remoring thoae pot- 
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tions of each cyUnder which lie under the other and between 
their common curves of intersection ; thus forming a projecting, 
oT salient edge on the soffit along theee curves. 

The cloistered arch (Fig. 43) is formed by remoTine those p(H>- 
tions of each cylinder which are abore the other and exterior to 
their common intersection, fonning Uius re-entering ai^es «long 
the same lines. 

460. The planes of the joints in both of these arches are placed 
in the same manoer as in the simple cyündiical uch. The inn» 
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edges of tbe correqmndmg course o{ ToiuBoirs in each arch are 
plüed in die same plane parallel to Hat of the azes of tfae cyUn« 
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ders. The portions of the sofiit in each c^inder, conesponding 
to each course of voussoirs, which iwia either the groin in the 
one case, or the re^entering angle in the other, are cut from a 
aingle Btone, to present no joint along the common inteisection of 
the arches, and to give them a firmer bond. 

451. Conical arches are of rare appUcation. When used, the 
saine general principles withrespect to the joints and bond apply 
to ibem. The surtaces of one set of joints will be planespassea 
through the elements of ihe cone and normal to the somt ; the 
other will be conical, ta other aurfaces, likewise normal to the 
soffit and passing through the curres of least currature. 

462. When tne spans at the two endg of an arch are unequal, 
but the rise is the same, then the soffit of the arch is made of a 
conoidal surface. The curves of riffht section at the two enda 
may be of any figuie, but are usually taken from aome Tarie^ 
of ue elliptical, or oral curves. The soffit is formed by moTing 
a line upon the two curres, and parallel to the plane containing 
their spans. 

The conoidal arch belongs to the class with warped soffits. A 
Tariety of warped surfaces may be used for soffits accerding to 
ciicumatances ; the joints and the bond depending on tbe gener- 
ation of the surface. 

453. In ananging the joints in conoidal arches, the heading 
joints are containeain planes perpendicular to the azis of the 
arch. The coursing joints are also formed of plane surfaces, so 
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ananged that the portion of the Joint correspcmding to each bl<M^ 
is fonned by a pkuie normal lo the conoid at the middle point of 
the lower eoge of the block. In this way the joints of the string 
course will not be fonned of continuous sunaces. To make 
them 80, it would be necessary to give them the form of warped 
suifiices, which present more difficulty in their mechanical exe- 
cution, and not sufficient adyantaffes oyer the method just ex- 
plained to compensate for having them continuous. 

454. The annular arch is fonned by reyolving the plane of a 
semi-circle, or semi-oyal, or other curve, about a hne diawn with- 
out the ^[uie and parallel to the rise of the arch, (Fig. 44.) Ono 
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series of joints in this arch will be formed by conical surfaces 
passii^ through the inner edges of the stones which correspond 
to the string courses ; and the other series will be planes passed 
through the axis about which the semi-circle is revolved. This 
last series should break joints with each other. 

455. The ^offit of a dorne is usually fonned by revolving the 

äuadrant of one of the usual cunres oi cylindrical arches around 
le rise of the curve ; or eise by revolving the semi-curve about 
the hne of the span, and taking the half of the surface thus gen* 
erated for the somt of the dorne. In the first of these cases the 
horizontal section of the dorne at the springing line will be a cir- 
cle ; in the second the entire curve of the semi-curve by which 
the soffit is generated. The plan of domes may also be of regu- 
lär polygonal figures ; in which case the soffit will be a polygonal- 
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cloistered aich fonned of equal sections of crliDderB, (Fig. 45.) 
The joints and the bond are detennined in the same manner as 



Hg. 45— Rept«BenU ■ nction H <tf the vootMi» and 
BD ülsmilioii of Um »ffit, with ■ püin N <rf the MSI 
(tf aa ociagnid-clcHBtereil dann. 

The letto* mTei lo Um nnw put* M in Rf. 43. 



456. The voussoirs which form the nng course of the heads, 
in ordinary cylindrical arches, are uBually terminated by plane 
surfacea at top and on the aides, for the purpose of connecting 
them with the norizontal courses of the head which lie above and 
on each aide of the arcb, (Figa. 46 and 47.) This connectioa 




may be arranged in a variety of ways. The two points to be 
kept in view are, to form a good bona between the voussoirs and 
hoiizontal couraes, and to give a pleasing architectural effect by 
the arrangement This connection ahomd always giye a sym- 
metrica! appearance to ihe halves of the atructure on each side 
of the crown. To effect theae aeveral objects it may be nece»- 
aary, in cases of oval arches, to make the breadth of the vouasoirs 
unequal, dimiiuahing usually those near the springing lines. 

457. In small archea the rouBsoirs near the springing Une are 
ao cut as to form a part also of the horizontal course, (see Fig. 
46,) fomiing what is termed an elbow Joint. This plan is objee^ 
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tionaUei both because diere is a waste of material in fanmiig 
a Joint of this kind, ,and the stone is liable to crack when the 
arch settles. 

458. The fonns and dimensions of the youssoirs should be de- 
tennined both by geometrical drawings and numerical calcula- 
tion, wheneyer the arch is important, or presents any complication 
of fcHrm. The drawings should, in the first place, be made to a 
Scale sufficiendy large to determine the parts with accuracy, and 
firom these, pattem drawinffs giving the parts in their trae size 
may be made for the use of the mason. To make the pattem 
drawings, the side of a vertical wall, or a fiim horizontal area 
may be prepared, with a thin coatinur of mortar, to receive a thin 
smooth coat of plaster of Paris. Ine drawing may be made on 
this surface in tne usual manner, by describing the cunre either 
by points from its calculated abscissas and ordinales, or, where 
it is formed of circular arcs, by using the ordinary instrument for 
describing such arcs when the centres fall within the limits of the 
prepared surface. In ovals the positions of the extreme radii 
should be accurately drawn either from calculation, or construc- 
tion. To construct the intermediate normals, whenever the cen- 
tres of the arcs do not fall on the surfiice, an arc with a chord of 
about one foot, may be set off on each side of the point through 
which the normal is to be drawn, and the chord of tne whole arc, 
thus set off, be bisected by a perpendicular. This construction 
will generally spre a sumciently accurate practical result for 
elliptical and other cunres of a large size. 

459. The masonry of arches may be either of dressed stone, 
nibble, or brick. 

In wide spans, particularly for oval and other flat arches, cut 
stone should alone be used. The joints should be dressed with 
extreme accuracy. As the youssoirs have to be supported by a 
framing of timber, termed a centre^ until the arch is completed, 
and as this stnicture is liable to yield, both ftom the elasticity of 
the materials and the numberof joints in the frame, an allowance 
for the settling in the arch, arising from these causes, is some- 
times made, in cutting the joints of the youssoirs /abe, that is, 
not according to the true position of the normal, but from the 
supposed position the joints will take when the arch has settled 
thorouffhly. The object of this is to bring the surfaces of the 
joints mto perfect contact when the arch has assumed its perma- 
nent State of equilibrium, and thus prevent the youssoirs from 
breaking by unequal pressures on their coursing joints. This 
is a problem of consiaerable difficulty, and it will generally be 
better to cut the joints true, and guaid against settling ana its 
effects by giving ereat stifhess to the centres, and by placing be* 
tween the joints of those youssoirs, where the principal movement 
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tükes place in aiches, sbeets <^ lead suitably honunNCd to fit the 
Joint imdyield to any pressure. 

460. llie manner of laymff the Toussoira demands pecnliai 
care, particularlv in those which fonn the heada of the arch. 
The positions oi the inner edges of the vousBoirs are detennined 



br fiied lines, marked on the abutmraits, or some other immovea* 
ble object, and the calculated distances of the edges from these 
lines. These distances can be readily set off by meana of the 
level and plumb-Une. The angle of each Joint can be fixed by a 
quadrant of a circle, connected with a plumb-line, on which the 
Position of each Joint is .eiai'ked. 

461. Rubble stone «^nsed only for very small arches which 
do not sustain much weight, or as a fiUing between a network of 
ring and string courses in large arches which sustain only their 
own «eight. In each case the blocks of rubble should be rougifly 
dre^sed with the hammer, and be laid in good hydraulic mort^. 

462. Blick may be used alone, or in combination with cut 
stone, for arches of consideiable size. When the thickness of a 
brick arch exceeds a brick and a half, the bond from the soffit 
outwaid pre^nts some difficuldea. If the bricke are laid in con- 
centric layers, or sheUs, a continuous Joint will be ibrtned parallel 
to Üie surface of the scffit, which will probablr yield wnen the 
uch settles, cansing the Shells to separate, (Fig. 48.) If the 
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bricks aie laid like ordinary string courses, fomiing continuous 
joints from the soffit outward, these joints, &om the form of the 
bricks, will be very open at the back, and, irom the yjelding of 
the mortar, the arch will be liable to injury in settling from this 
cause. To obriate both of these defecta, the arch may be built 
partlyby the first plan and partlyby the second, or as it islermed, 
in Shells and blocks. The crown, or k^ of ^e arch should be 
laid in a block, increasing the breadth of the block by two bricks 
for each conrse from the soffit outward. These biicks should be 
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l&id in hyjiaulic cemeot, and be well wedged wilh piec«8 of thin 
hard slate between the joints. 

463. When a combination of brick and cut stone is used, the 
ring counes of the heada, with aome intermediate ring couisea, 
the bottom etring coiuves, the kev-atone couise, and a few inler- 
mediate atring counea, are mam of cut stooe, (Fig. 49,) the 




itttennediate ipacea beisc fiUed in with Imck. The brick por- 
tions of the adffit may, if neceaury, be tfarown within the stone 
portiona, fonning plain caüaotu. 

464. The centres of amall archea are not lemoTod, oi Struck 
until the mortar has become hard ; in large arches, ^e centres 
ahould not be Struck until the whole of the mortar has set firmly. 
In the joints near the springing lines the mortar will have become 
hard, in the oidinaiy progress of building an sich, before that in 
the higher joints will nare had time to set, unless bydraulic mor- 
tar of a qmck aet be used. ' %Slei ^e centres are Struck, the arch 
is allowed to asaume ita perm^eq^ atate of equihbrium, before 
any of the superstructure is laid/^ 

465., When the heada of the arch form a part of an exterior 
aurfacQ^i-as the fecea of a wall, or the outer portions of a bridge, 
the TOusBoirs of the bead ring courses are connected with tne 
hori^ntal courses, as has beea eiplained ; the top surface of the 
voussoirs of the intennediate ring courses are usualty left in a 
rou^y dresaed State to receive the courses of masonry termed 
the ct^ping, (see Fig. 49,) which restsupon the arch between 
the waÖs of the head. Before laying the caraing, the joints of 
the voussoirs on the back of the arch should be carefully exam- 
ined, and, wherever they are found to be open &om the setlJing 
of the arch, they should be filled up with so(t-tempered mortar, 
and by driving in pieces of hard slale. The cappins may be va- 
riousfy formed of nibble, bnck, or beton. Where me arches are 
exposed to the filtration of rain water, as in those used for bridges, 
and the casemales of fortilications, the capping should be of beton 
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laid in layers, and well rammed with the usual precauttons for 
obtaininejt solid homogeneous mass. 

466. The difficulty of forming water-tight cappings of mason- 
ry bas led engineers, within a few years back, to try a coating of 
asphalte upon the surface of beton. The* surface of the beton 
capping is made uniform and smooth by the trowel, or float, and 
the mass is allowed to become thorougmy diy before the asphalte 
18 laid. Asphalte is usually laid on in two layers. Before api^y- 
ing the.first, the surface of the beton should be thoroughly 
cleansed of dust, and receive a coating of mineral tar appHed ^ot 
with a swab. This appUcation of hot mineral tar is said to pre- 
yent the formation of air bubbles in the layers of asphalte wmch, 
when present, permit the water to percolate through the masonry. 
The first layer of asphalte is laid on in Squares, or thin UocIls, 
care being taken to form a perfect union between the edges of 
the Squares by pouring the hot liquid along them in forming each 
new one. The surface of the first layer is made uniform, and 
rubbed until it becomes smooth and hard with an ordinary wooden 
float. In laying the second layer, the same precautions are taken 
as for the first, the Squares breaking joints with those of the first. 
Fine sand is strewed over the surface of the top layer, and pressed 
into the asphalte before it becomes hard. 

Coverings of asphalte have been used both in Europe and in 
our miUtary structures for some years back with decided success. 
There have been failures, in some instances, arising in all prob- 
abiUty either firom using a bad material, or from some fault of 
workmanship. 

467. In a ränge of arches, like those of bridges, or caseinates, 
the capping of each arcK is shaped with two incUned surfaces, 
like a common roof. The bottom of these surfaces, by their 
junction, form gutters where the water collectis, and from which 
it is conveyed ofif in conduits, formed either of iron pipes, or of 
vertical openings made throuffh the masonry of the piers which 
communicate with horizontal covered drains. A small arch of 
sufficient width to admit a man to exainine its interior, or a Square 
culvert, is formed over the gutter. When the Spaces between the 
head walls above the capping is fiUed in with earth, a series of 
drains running from the top, or ridge of the capping, and leadmg 
into the main gutter drain, should be formed of brick. They 
may be best made by usin^ dry brick laid flat, and with intervals 
left for the drains, these being covered by other courses of dry 
brick with the joints in some degree open. The earth is filled in 
upon the upper course of bricks, which should be so laid as to 
form a uniform surface. 

468. When the space above the capping is not filled in with a 
soUd mass, for the puqpose of receiving the weight bome by the 



arches, walli of & requigite heigfat may be baut parallel to äie 
head walls, and theee may serre either as the piers of small 
arches, (Fig. 50,) upon which the weight boine directly rests, or 



eise be covered by bIkhis flat BtoncB to effect the same object 
In this last case (Fig. 51) the walla may be mada bj^tei by fonn 
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ine arched openings through them, or'else a system of small right 
cylindrical groinedarches may be uaed. All of theae methods are 
. io iiae in bndge building for sustainuu the roadway, and also in 
loofing aiched ediüces. They throwTess weicht upon the abut- 
ments and piers of the arches than would a filling of solid ma- 
terial. 

469. From obsenrations taken on the inanner in which large 
cylindrical arches settle, and experimenta made on a small scale, 
it appears that in all cases of arches where the rise is equal to 
or less than the half span they yield (Fig. 52) by the crown of 
the arch falling inward, and thrusting outward die lower portions, 
presenting &tb iointa of rapture, one at the key stone, one on each 
side of it which limit the portions that fall inward, and one on 
each aide near the spiinging lines which limJt the parts thrust 
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outward. In pointed arches, or those in which the rise is greater 

• 

Fig. 59— RepresentB the rnanner in which flat aich- 

68 yieU by raptnre. 
0, Joint of rnptuie at the mf fltDpe. 
m, m, Joints of raptore below the key atone. 
n, fi, jointi of raptine at igwinging liiiea. 



than the half span, the tendency to yielding is, in some cases, 
different ; here the Iower parts may fall inwaid, (Fig. 53,) and 
thrust upwaid and outward the parts near the crown. 





Fig. 53— Reprcienti the manner in which pointad 

arches may yieU. 
The letten refer to aame pointi aa in Fig. SSL 
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470» From this moViement in arches a pressure arises against 
the key stone, termed the horizontal thrust of the arch, the ten- 
dency of which is to crush the stone at the key, and to overtum 
the abutments of the arch, causing them to rotate about the ex- 
terior edge of some one of their horizontal joints. 

471. The joints öf rupture below the key stone vary in arches 
of different forms, and in the same arch with the weight it sus- 
tains. From ezperiments, it appears that in füll centre arches 
the joints in question make an angle of about 27^ with the hori- 
zon ; in segment arches of arcs Tess than 120^ they are at the 
springing lines ; and in oval arches of three centres they are found 
aoout the angle of 45° of the small are which forms the extremity 
of the curve at the springing line. 

472. The calculation of the joints of rupture, the consequenl 
horizontal thrust, and its effects in crushing the stone at the key 
and in overtuming the abutment are problems of considerable 
mathematical intricacy. When the jomts of rupture are given 
the problem assumes a more simple form, being one of statical 
equilibrium between the moments of the horizontal thrust and 
the weight of the arch and its abutments. 

The problem for finding the joints of rupture by calculation, 
and the consequent thickness of the abutments necessary to pre- 
«enre the arch from yielding, has been solved by a number of 
writers on the theory of the equilibrium of arches, and tables for 
effecting the necessary numerical calculations have been drawn 
up from their results to abridge the labor in each case. 

473. The connection between the top of the abutment, termed 
the impost of the arch, and the bottom courses of the arch, re- 

21 . 
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quinB peculür caie m segmeatal, ukew, and mnpant eicbm. 
bi the nnt, the thnut t^ the arch bein^ very great, it will be well, 
in heaVy arches, to make the joints oi the interior counes of the 
ftbutment, for some courees at least below the impost, oblique to 
the hohzon to counteract any dan^r from sliding. The top stona 
of the abutment, termed the auhon stone of the arch, ahoukl be 
well bonded with the etones of the backing, and ita bed, or bot- 
tom Joint shoold be so far below the impost Joint, that the stone 
shall offer aufficient strength to resist the pressure on it. 

In the askew arch the abutments are not unifonnly loaded, ai>d 
the entire thrust of the arch will not be receiTed by tiie abutments 
if the arch is constnicted in the usual manner. Each of tbese 
points lequires peculiar attention : the first demaoding the thick- 
ness of the abutment to be auitably regulated ; the secund that 
' the arch be so built that the thrust may be thrown, as neaily aa 

Iintcticable, parallel to the planes of the heads. To effect this 
BSt point, the portion of the arch above the upper joints of rup- 
ture (Fig. 54) must be divided into several zones, each of these 
zones being built without any connection with the two adjacent 
to it, but with their ends so airanged that this connection may be 
formed, and the arch made continuous after the centres are Struck 
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By this plan the settling will take place alter uncentrins without 
causing cracks, and the ütrust will be thrown on the abutmenta 
in the direction desired. 

In rampant arches, the impost Joint being obUque to the hoii- 
zon, caie must be taken, if this obhquity be not less than tfaa 
angle of friction of the stone used, eitiier to cut the impost into 
Steps, or eise to uae some suitable bond, or iron ciamps and bolts 
to prevent disjunction between the arch and abutment. 

474. The abutments of right and of slightly oblique cylindn- 
cal arches are made of uniform dimensions ; but when the o(>- 
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liqiiity is consideiable, it may be necessaiy to increase the thiök- 
ness of a portion of each abutmeot wh^re there i« the grealiest 
pressure. 

In conical and conoidal arches the abutmeht$ will in like man- 
ner vary in dimensions with the span. 

475. In cloistered arches the abutments will be less than in an 
ordinary cylindrical arch of the same length; and in groined 
arches, in calculating the resistance ofier^ by tfie abutments, 
the counter resistance ofFered by the weight of one portion iii 
resistxng the thrust of the other, mast be taken into consideration. 

476. When abutments, as in the came of edifices, require tobe 
of considerable height, and therefore would demand extraordinary 
thickness, if used done to sustain the thrust of the arch, they may 
be strengthened by the addition to their weight made in carryitig 
them up above the imposts like the battlements and pinnacles in 
Gothic architecture ; by adding to them ordinary, fiiU, or arched 
buttresses, termed^yiiig' buttresses ; or by using ties of iron con- 
necting the voussoirs near the joints of rupture below the key 
stone. The employment of these different expedients, their forms 
smd dimensions, will depend on the character of the structure 
and the kind of arch. The iron tie, for example, cannot be hid- 
den firom yiew except in the plate^bande, or in very flat segmeilt 
arches, and wherever its apoearance would be unsightly some 
other expedient must be tried. 

Circular rings of iron have been used to strengthen the abut- 
ments of domes, by confining the Iower courses of the dome axud 
relieving the abutment from the thrust. 

477. When abutments sustain several arches above each other, 
like relieving arches in tiers, their dimensions must be cfilculated 
to sustain the united thrusts of the arches ; and the several por- 
tions between each tier must be strongenough to resist the thrust 
of their corresponding arches. 

478. In a ränge of arches of unequal size, the piers will hate 
to sustain a lateral pressure occasioned by the unequal horizontal 
thrust of the arches. In arranging the form and dimensions of 
the piers this inequality of thrust must be estimated for, taking 
also into consideration the position of the imposts of the unequal 
arches. 

479. Precautions against Settling. One of the most difficult 
and important problems in the construction of masonry, is that 
of preventing unequal settling in parts which require to be con- 
nected but sustain unequal weights, and the consequent ruptures 
in the masses arising firom this cause. To obviate this difficulty 
lequires on the part of the engineer no small degree of practica! 
tact. Several precautions must be taken to diminish as far as 
practicable the danger from unequal settling. Walls sustaimng 
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heavy Y<eitical pressures should be built up uniformly, and with 
great attention to the bond and correct fitting of the courses. The 
materials should be uniform in quality and size ; hydraulic mor- 
tar should alone be used ; and the pennanent weight not be laid 
on the wall until the season after the masomy is kid. As a &t- 
ther precaution, when practicable, a trial wei^t may be laidupon 
the wall before loadinff it with the pennanent one. 

Where the heads of arches are Duilt into a wall, particulaily 
if they are designed to bear a heavy pennanent weight, as an 
embankment of earth, the wall should not be canried up higher 
than the imposts of the arches until the settling of the latter has 
reached its final term ; and as there will be danger of disjunction 
between the piers of the arches and the wall at the head, firom 
the same cause, these should be carried up independently, but so 
arranffed that their after-union may be conveniently effected. It 
would moreover be always well to suspend the buildin^ of the 
arches until the season foUowing that in which the piers are 
finished, and not to place the permanent weight upon tne arches 
until the season following their completion. 

480. Pointing. The mortar in tne joints near the surfaces of 
walls exposed to the weather should be of the best hydraulic 
lime, or cement, and as this part of the Joint always requires to 
be carefuUy attended to, it is usually filled, or as it is termed 
pointed, some time after the other work is finished« The period 
at which pointing should be done is a disputed subject among 
builders, some preferrin^ to point while the mortar in the Joint is 
still fresh, or sreen, and others not until it has become hard. 
The latter is the more usual and better plan. The mortar for 
pointing should be poor, that is, have rather an excess of sand ; 
the sand should be of a fine uniform grain, and but little water 
be used in tempering the mortar. Before applyinff the pointing, 
the Joint should be well cleansed by scraping and brushing out 
the loose matter, and then be well moistened. The mortar is 
applied with a suitable tool for pressing it into the Joint, and its 
aurface is rubbed smooth with an iron tool. The practice among 
our military engineers is to use the ordinary tools for calking in 
applying pointing ; to calk the Joint with tne mortar in the usual 
way, and to rub the surface of the pointing until it becomes hard. 
To obtain pointing that will withstand the vicissitudes of our cli- 
mate is not the least of the difficulties of the builder's art. The 
contraction and expansion of the stone either causes the pointing 
to crack, or eise to separate from the stone, and the surface water 
penetrating into the cracks thus made, when acted upon by frost, 
throws out the pointing. Some have tried to meet tnis difficulty 
by giving the surface of the pointing such a shape, and so ar- 
ranging it with respect to the surfaces of the stones forming the 



CONSTRUCTION 6P MA80NRT. IM 

Joint» that the water shall trickle over the pointing without eater- 
mg Üie crack which is usually between the bed of the slctne and 
the pointing. 

481. The term ßash pointing is sometimes applied to a coat- 
ing of hydraulic mortar laid over the face, or back ef a wall, to 
preserye either the mortar joints, or the stone itself from the action 
of moisture, or the efFects of the atmosphere. Mortar for flash 
pointing should also be made poor, and when it is used as a stucco 
to protect masonry from atmospheric action, it should be made of 
coarse sand, and be applied in a single uniform coat over the sur- 
face, which should be prepared to receive the stucco by having 
the joints thoroughly cieansed from dust and loose mortar, and 
being well moistened. 

No pointing of mortar has been found to withstand the effects 
of weather in our climate on a long line of coping. Within a few 
years a pointing of asphalte has been tried on some of our mili- 
tary wohls, and has given thus far promise of a successfiil issue. 

482. Stucco exposed to weather is sometimes covered witli 
paint, or other mixtures, to give it durabihty. Goal tar has been 
tried, but without success in our climate. M. Raucourt de 
Charleville, in his work TVaite des Mortiers, gives the following 
compositions for protecting exposed stuccoes, which he states to 
succeed well in all climates. For important work, three parts of 
linseed oil boiled with one sixth of its weight of litharge, and one 
part of wax. For conuuon works, one part of linseed oil, one 
tenth of its weight of htharge, and two or three parts of resin. 

The surfaces must be thörouffhly dry before applying the 
compositions, which should be laid on hot with a brush. 

483. Repairs of McLsofory, In effectinff repairs in masonry, 
when new work is to be connected with old, the mortar of the old 
should be thoroughly cleaided off wherever it is injured along the 
surface where the junction is effected. The bona and other ar- 
rangements will depend upon the circumstances of the case ; the 
suriaces connected should be fitted as accurately as practicable, 
so that by using but Uttle mortar, no disunion may take place 
from settung. 

484. An expedient, very fertile in its appUcations to hydrauUc 
constructions, has been for some years in use among the French 
engineers, for stopping leaks in walls and renewing the beds of 
foundations which have yielded, or have been otherwise removed 
by the action of water. It consists in injectinff hydrauUc cement 
into the parts to be filled, through holes drilled through the ma- 
sonry, by means of a streng syringe. The instruments used for 
this purpose (Fig. 55) are usually cylinders of wood, or of cast 
iron; the bore uniform, except at the end wliich is terminated 
.with a nozle of the usual conical form ; the piston \» of wood^ 
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Btate ponrad into it ; a wad of tow, or a dük of leather being in- 
troduced on top befoie inserting the piiton. Tbe cement is 
forced in by repeated blowB on the piston. 

465. A mortar o£ hydraulic lime and fine «and has been usej 
for the Hame purpoae ; the lime being groond fresh from the kiln, 
and used before slaking, in order that oy the increase of Tolume 
which takes place from slaking, it might £11 more compactly all 
interior voids. The use of unilaked lime haa leceiräl several 
ingenions applicationa of this cbaracter ; its dAet expansion may 
prore injunous wfaen con&ied. The uie of ssnd in moitai for 
injecticHis has by some engineers been condemned, as from the 
State of lluidity m which the mortar mnst be used, it settles to 
the bottom of the syringe, and thus prevents the ÜEmnation of s 
homogeneous mass. 

486. Effects of Tetigierature on Matonry. Frost is the most 
powerful destnictive agent against which the engineer haa to 
guard in constnictions of masonir- Dtiring severe winters in the 
northem parta of our country, it lias been ascertained, by obser" 
ration, that the frost will penetrate earth in contact with walls to 
depths exceeding ten feet ; it therefgre becomes a matter of the 
first importance to use CTery practicablo means to drain thoroughly 
all the ground in contact with masonry, to whatevei dej^s the 
foundations may be sunk below the sunace ; for if this precau- 
tion be not taken, accidents of the most serious nature may hap> 
pen to the foundations from the action of ihe frost. If water 
collects in any quantity in tbe earth around the foundations, it 
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may be necessary to make small covered drains under them to 
convey it off, and to place a Stratum of loose stone between the 
sides of the foundations and« the suirounding earth to give it a 
free downward passage. 

It may be laia down as a maxim in building, that mortar which 
is exposed to the action of frost before it has set, will be so much 
damaged as to impair entirely its properties. This fact places in 
a stronger light what has already been remarked, on the necessity 
of laying the fomidations and the stracture resting on them in hy- 
drauhc mortar, to a height of at least three feet alK>ve the grouna.; 
for, although the mortar of the fomidations might be protected 
from the action of the frost by the earth around them, the parts 
immediately above would be exposed to it, and as those partfi at^ 
tract the moisture from the ground, the mortar, if of comnion 
lime, would not set in time to prevent the action of the frosts of 
¥rinter. 

In heavy waHs the mortar in the interior will usually be se- 
cured from the action of the frost, and masonry of this character 
might be carried on until freezinff weadier commences ; but still 
in all important works it will be by*far the safer course to sus- 
pend the construction of masonry several weeks before the or- 
dinary period of frost. 

During the heats of smnmer, the mcntar is injured by a too 
rapid drying. To preyent this the stone, or brick, should be 
thorouglüy moistened before being laid ; and afrerwards, if the 
weath» is very hot, the masonry should be kept wet until the 
mortar gives mdications of setting. The top course should al» 
ways be well moistened by the workmen on quitdng their work 
for any short period during very warm weather. 

The effects produced by a high or low temperature on mortar 
in a green State are similar. In the one case the freezing of the 
water prevents a union between the particles of the Imie and 
sand ; and in the other the same anses frt)m the water being 
rapidly evaporated. In both cases the mortar when it has set is 
weak and pulverulent. 
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FRAMING. 

487. Feamino is the art of anangiiig beams of solid materials 
for die variofiB puiposes to which they are applied in structures. 
Kframe is any airangement of beams made for sustaining strains. 

488. That branch of framing which relates to the combioations 
of beams of timber is denominated Carpentry, 

489. Timber and iron aie the only materials in common use 
for frames, as they aie equally suitable to resist the various 
strains to be met with in structures. Iron, independently of 
offering greater resistance to strains than timber, possesses the 
farther aärantage of being susceptible of receivin^ the most suit- 
able forms for strength without injury to the matenal ; while tim- 
ber, if wrought into the best forms ior the object in view may, in 
some cases, be greatly injured iq strength. 

490. The object to be attained in framing is to give, by a suit- 
able combination of beams, the requisite degree of strength and 
stifihess demanded by the character of the structure, united with 
« lightness and an economy of matenal of which an ^irangement 
of a massive kind is not susceptible. To attain this end, the 
beams of the firame must be of such forms, and be so combined 
that they shall not only offer the sreatest resistance to the efforts 
they may have to sustain, but shall not change their relative po- 
sitions from the effect of these efforts. 

491. The forms- of the beams will depend upon the kind of 
matenal used, and the nature of the stram to which it may be 
subjected, whether of tension, compression, or a cross strain. 

492. The general shape given to the firame, and the combina- 
tions of the beams for mis purpose, will depend upon the object 
of the firame and the directions m which the efforts act upon it. 

In firanies of timber, for ezample, the cross sections of each 
beam are generally uniform throughout, these sections being 
either circuhr, or rectangular, as these are the only simple forms 
which a beam can receive vrithout injury to its strength. In 
firames of cast iron, each beam mat be cast into the most suitable 
form for the strength required, and the economy of the matenal. 

493. In combinin^ the beams, whatever may be the general 
shape of the firame, die parts which compose it must, as far as 
practicable, present triangulär figures, eacn side of the triangles 
oeing formed of a single beam ; die connection of the beams at 
the angular points, termed the /otnto, being so arranged that no 
yieldi^ can take place. In all combinations, therefore, in which 
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the principal beams form polygonal figures, secondarv beams 
mudt; be added, either in the d^ctions of the diagonals of the 
polygon, or so as to connect each pair of beams forming an angle 
of tne poIygon, for the purpose of preventing any change of form 
of the figure, and of giving the frame the reauisite stiäness. 
These secondary pieces receive the general appellation of braces. 
When they sustain a strain of compression they are termed strtUs; 
when one of extension, tie$. 

494. As one of the objects of a firame is to transmit the strain 
it directly receives to firm points of support, the beams of which 
it is formed should be so combined that .this may be done in the 
way which shall have the least tendency to change the shape of 
the firame, and to fracture the beams. These conditions will 
be best satisfied by giving the principal beams of the frame a 
Position such that the strains they receive shall be transmitted 
through the axes of the beams to the fixed supports ; in this man- 
ner there can be no tendency to change the snape of the firaane, ex- 
cept so far as this noay arise firom the contractions, or elongations 
of the beams, caused by the strains ; and as all unnecessary 
transversal strains will in like manner be avoided, the resistances 
ofTered by the beams will be the greatest practicable. 

495. Whenever these conditions cannot be satisfied, the strains 
on the fi::pune should be so combined that those which are not 
transmitted to the points of support shall balance, or destroy each 
other ; and those oeams which, from being subjected to a cross 
strain, might be either in danger of rupture, or of being deflected 
to so great a degree as to injure the stability of the frame, should 
be supported by struts abutting either agamst fixed supportsj or 
against points of the firame where the pressure thrown upon the 
strut would have no efiect in changing the shape of the fi:ame. 

496. The points of support of a firame may be either above, or 
below it. In the first case, the firame will consist of a suspended 
System, in which the polygen will assume a position of stable 
equilibrium, its sides being subjected to a strain of extension. In 
the second case the firame, if of a polygonal form, must satisfy 
the essential conditions already enumerated, in order that its State 
of equilibrium shall be stable. 

497. The streng of the firame and that of its parts, and their 
consequent aimensions, must be regulated by the strains to which 
they are subjected. When the form of the firame and the direc- 
tion and amount of the strain bome by it are given, the direction 
and amount of the strain which the different parts sustain can be 
ascertained by the ordinary laws of statics, and, firom these data, 
the requisite dimensions and forms of the parts. 

498. The object of the structure will necessarily decide the 
general shape oi the firame, as well as the direction of the^train^ 
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to wfaich it will be subjected. An ezaminatioii, therefore, of the 
frames adapted to some of tho more usaal stmctures will be the 
best coorse for ülustrating both the preceding general principlesy 
and the more oidinaiy combinationa of the beams and joints. 

499. Frames of Timher. These aie composed either entirely 
of straijy^ht beams, or of a combination of straight beams and of 
arches fonned by bending straight beams. 

Pieties of crooked timber are used either where the form of the 
parts requires them, or eise where a strong connection is necessaiy 
oetween straight pieces that form an angie between them. 

500. As has already been stated, the cross section of each 
beam is generally uniform and rectangular. This will, in some 
cases, give more strenffth than the character of the strain resisted 
may demand ; and will, also, throw a greater amount of pressm« 
on the points of support, than if beams of a form more stricdy 
adaptea to the object in Tiew were used : but it avoids cutting 
the fibres across the grain, or making, as it is termed, prain-cut 
beams, and thereby materially injuring the strength of me piece. 
This objection, however, is omy applicable to the parts of a frame 
formed of single beams. Wherever several thicknesses of beams 
are required in the arrangement of any part, the adyantage may 
be taken of giring the combination the most suitable form for 
strength and lightness combined. 

601. Frames for Cross Strains, The parts of a frame which 
receive a cross strain may be horizontal, as the beams, orjoists of 
a floor ; or inclined, as the beams, or rqfters which form the inclined 
sides of the firame of a roof . The pressure producing the cross 
strain^ may either be uniformly distributed over the beams, as in 
the cases just cited, arising firom the flooring boards in the one 
case, and the roof covering in the other ; or it may act only at one 
point, as in the case of a weigfat laid upon the beam. 

In aU of these cases the extremities of the beam must be firmly 
fixed against immoveable points of support ; the loneer side of 
the rectangular section of die beam should be narallel to the di- 
rection of the strain, on account of placing the beam in the best 
Position for strength. 

If the distance between the points of support, or the bearing^ 
be not great, the firaming may consist simply of a row of parallel 
beams of such dimensions, and placed bo rar asunder as the strain 
bome may require. When the beams are narrow, or the depth 
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short struts of battens may be placed at interrals between oach 
pair of beams, in a diagonal direction, uniting the bottom of the 
one with the topi^f the other, to prevent the beams firom twisting, 
or yieldine laterally. 

When the bearing and strain are so great that a Single beam 
will not present sufficient strength and stiffidess^ a combination 
of beams, tenned a built beam^ which may he- solid, consisting 
of several layers of timber laid in juxtaposition, and firmly con- 
Bected together by iron bolts and Straps, — or open, being fonned 
of two beams,.with an interval between them, so connected by 
cross and diagonal pieces, tbat a strain upon either the upper or 
lower beam will be transmitted to the other, and the whole System 
act mider the effect of the strain like a solid beam. 

502. Solid built Beams. In firaming solid built beams, the 
pieces in each course (Fig. 57) are laid abutting end to end vrith 

Fig. S7-*RepfesentSB solid built beam 
of three coimee. ftm pwcm of 
each cenne breakiiiK Joints and 
coBfiaed by iroa hoopa. 

a Square Joint between them, the courses breaking joints to form 
a streng bond between them. The courses are fomly connected 
either by iron bolts, formed with a screw and nut at one end to 
« bring the courses into close contact, or eise by iron bands driven 
on tight, or by iron stirrups (Fig. 58) suitably arrangied with screw 
ends and nuts for the same purpose. 
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When the strain is of such a character that the courses would 
be liable to work loose and slide along their joints, the beams of 
the different courses may be made with shallow indentations, 
(Figs. 59, 60,) accurately fitting into each other ; or shallow rec- 

Tig. 50— RepieaentB a aolid built 
beam of thiea.ooaxaea anai^ed 
with indent»and conihied by irao 
hoopa. 





Fig. 60— Repnanta aaoHdbiifltbeam,thetoppaitbeingortwoDtooeafr,fr whiehabot 
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tangular notches (Fig. 61) may be cut across each beam^ being 
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are sometimes made of two wedge-shaped pieces, (Fig. 62,) for 
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the purpose of causmg them to fit the notches more closely, and 
to aomit of being driven tight upon any shrinkage of the woody 
fibre. 

The joints between the courses may be left slightly open 
ivithoift impairinff in an appreci^ble degree the »trength of the 
combination. lliis is a good method in beams exposed to mois- 
ture, as it allows of evaporation firom the free drculation of the 
air throuffh the joints. Feit, or stout paper saturated with min- 
eral tar, has been recommended to secure the joints firom the 
actioq of moisture. The prepared material is so placed as to 
occupy the entire surface of the Joint, and the wnole is well 
screwed together. 

503. Open huilt Beams. In framing open built beams, the 

Erincipal point to be kept in view is to form such a connection 
etween the upper ana lower solid beams, that they shall be 
strained uniforrnry by the action of a strain at any point between 
the bearings. Tnis may be effected in yarious ways, (Fig. 63.) 

Fig. <I3— RepresentB an open 
bullt beam : A and B are 
the top and bottom raus or 
■tringB \ a, a, cros piecea, 
either angle or in paua; fr, 
diagonal braces in paii%; c, 
ainffke diagonal bracee. 
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The Upper and lower beams may consist either of single beams, 
or of sdid built beams ; these are connected at regulär intervals 
by pieces at light angles to them, between which diagonal pieces 
are placed. By this arrangement the relative position of all the 
parts of the frame will be preserved, and the strain at any point 
will be brought to bear upon the intermediate points. 

Two of the best known applications of this combination, when 
timber alone is used, are those of Colonel Long, of the U. S. 
Topographical Engineers, and of the late Mr. Town. 

604. That of Colonel Long (Fig. 64) consists in forming both 
the Upper and lower beams, termed by the inventor the stringSy 
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of three parallel beams, sofficient space being left between the 
one in the centre and t)ie other two to insert the cross pieces. 




Fig. 64— RepiMeiiiB a panel of Long'B tnuM. 

A and B, U^ and bottom ttrings of three^coniSM. 

C, C, posts m paiiB. 

D, brecee in pain. 

£, counter bräce mnfjie, 

A. a, moftises where jibs and keys an inseited 

F, Jib and key of haid wood. 

tenned the posts ; the posts consist of beams in pairs placed at 
suitable inteirals along the strings, with which they are connected 
by wedge blocks, tenned jibs and keys, which are inserted into 
rectangular holes made through the strings, and fitting a corre- 
spondmg shallow notch cut into each post. A diagonal piece, termed 
a brace, connects the top of one post with the foot of the one ad- 
jacent by a suitable Joint. Another diagonal piece, termed the 
counter-irace, is placed crosswise between the two braces and 
their posts, with its ends abuttjng against the centre beam of the 
Upper and lower strings. The counter-braces are connected 
with the posts and braces by wooden pins, termed tree-nails. 

In Wide bearings, the strings will require to be made of several 
beams abutting end to end ; in this case the beams must break 
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joinu, and ihort beams muBt be iiuert«d betwceo die centre and 
ezterior beams whererer the joiots occur, to strengtheji them. 

The beams in this combination are all of uniform cross sectiott, 
the joinu and fastenings are of the simplest kind, and the paits^ 
are well distributed to call into play the strength of the stnngs,' 
and to produce unifonn stifüiess and atrain. - 

505. The combination of Mr. Town (Fig. 65) coDsists in two 
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main strings, each formed of two or three parallel beams of two 
thicknesses breaking jointa. Between the parallel beams are in- 
eerted a series of cEagonal beams crosaing each other. These 
diagonals are connected with the strings and with each, other by 
tree-nails. When the strings' are formed of three parallel beams, 
diagonal pieces are placed between the centre and exteiior beams, 
and two mtermediate strings are placed between the two couises 
of diagonals. 

This combination, commonly known as the la^ce truss, is of 
very easy mechanical execution, the beams being of a aniform 
cross section and length. The strains upon it are bome by the 
tree-nails, and when used for stnictures subjected to variable 
Btrains and jars, it loses its stifihess and sags between the points 
of Support. It is more recommendable for its simplicity than 
scientific combination. 

506. A third method, called after the patentee, Htno's tniss, 
has within a few years come into general notice. It consists of 
(Fig. 66) an upper and Iower string, each formed of several thick- 
nesses of beams placed aide by side and breaking joints. On the 
Upper side of the Iower strine and the Iower side of the upper, 
blocks of hard wood are inserted into shallow notches ; the blocks 
are bevelled off on each side to form a suitable point of support, 
or Step for the diagonal pieces. One series of the diagonal pieces 
are arranged in pairs, the others are single and placed between 
those in paira. Two streng bolts of iron, wtiich pass through 
the blocks, coimect the upper and Iower strings, and are arranged 
with a Bcrew cut on one end and a nut to draw the parts closely 
together. 

This combinatioBpresents a jndicioas arrangement of the parts. 
The blocks give abutdng surfaces for the braces superior to those 
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obtained by the oidinary forms of Joint for this purpose. The 
bolts replace advantageously the timber posts, and in case of the 
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firame working loose and saggiiw, their arrangement for tighten- 
ing up the parts is simple and emcacious. The timber of each 
8triil|; is not combined to give as great strength as its cross sec- 
tion IS susceptible of, and the lower string, upon which a strain 
of tension is brought, against which timber offers the greatest 
resistance, has received a greater cross section than that of the 
lipper. 

The preceding combinations have been applied generally in 
our country to bridffes. In this application, the timber support- 
ing the roadway oi the bridge is usuall/ placed on the lower 
strings ; two, tHree, or four built beams bemg used, as the case 
may require, for supporting the transYerse beams under the road- 
way, the centre beams leaving an equal width of roadway between 
them and the exterior J>eams. 

507. Framingfor intermediate Supports. Beams of ordinary 
dimensions may be used for wide t)earings when intermediate 
Supports can be procured between the extreme points. 

The simplest and most obvious method of effecting this is to 
place uprignt beams, termed prop^, or shores^ at suitable intervals 
under tne supported beam. 

When the props would interfere with some other arrangement, 
and points of support can be procured at the extremities below 
those on which die beam rests, inclined stnits (Fig. 67) may be 
used. The struts must have a suitably formed step at the foot« 
and be connected at top with the beam by a Suitable Joint. 

In some cases the bearing may be diminished by placing on 
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the points of support short pieces, tenned corUh, (Flg. 68,) and 
sapporting thete near their ends by struts. 




In other caaes a portioa of the beam, at the middle, may be 
•trengthened by placug under it a short beam, called a strammg 
beam, (Fig. 69,) against the ends of wbich the stnits abut. 




Whenever the beaiing may require it the two preceding ar- 
nngementa (Fig. 70) may be usea in connection. 
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In all combinations witfa struts, a lateral thnist will be thrown 
on the point of support where the foot of the strut resta. Thia 
strain must be provided for in arranging the strength of the sup- 
portB. 

508. When intennediate supports can be procured only above 
the beam, an arrangement must be made which shall answei the 
purpose of sustaining the beam at its intennediate points by Sus- 
pension. The combination will depend upon the number of in- 
termediate points required. 
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When the beam requires to be suppolted only at the middle» 
it may be done by placing two inclined pieces, resting on the 
beam at its extremities, and meeting unaer an angle above it, 
irom which the middle of the beam can be suspended by a i^od of 
iron, or by anjother beam. If the suspending piece be of iron, it 
must be arranged at one end with a screw and nut. When the 
Support is of timber, a singie beam, called a kingpost^ (Fig. 71,) 
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may be used, against the head of which the two inclined pieces 
may abut ; the foot of the post is connected with the beam by a 
holt, an iron stirrup, or a suitable Joint. Instead of the ordinary 
king post, two beams may be used ; these are placed opposite to 
each other and bolted together, embracing between them the sup- 
ported beam and the heads of the incUned beams which fit into 
shallow notches cut into the supporting beams. Pieces arranged 
in this manner for suspending portions of a frame receive the 
name of Suspension pieces, or bridle pieces. 

When two intermediate points of süpport are required, thpy may 
be obtained by two inclined pieces resting on the ends of the 
beam and abuttinff against the extremities of a short horizontal 
straining beam, (Fig. 72.) The Suspension pieces in this case 
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may be either posts, termed qut&n postSj ainmged like a kin^ 

!>ost, iron rods, or bridle pieces. This combination may be used 
br very wide bearings, (Fig. 73,) by suitably increasing the num- 
ber of inclined pieces and straining beams. 

Some of the preceding Combinations may be used for support- 
ing one end of a beam subjected to a cross strain when the other 
has a fixed point of support. This may be done either by an in- 
clined strut ben'eath, or an inclined tie above the beam. When 
a wooden tie is used it should consist of two pieces bolted to- 
gether and embracing the beam. 

23 
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Flg. 73— Repnmita a bMm e flupoDded from a combinatkn of ■truts and 
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509. The classificationsninder the two preceding heads repre- 
sent the principal combinations of straight beams appUed to the 
purposes of framing. The frame of an ordinaiy roof presents one 
of Uie simplest combinations by which the action of the different 
parts of a frame may be illustrated. 

A roof of the ordinary form consists of two equally inclined 
sides of metal, slate, or other material, which is attache^^ to a 
covering of boards that rests upon the frame of the roof. The 
firame consists of several yertical firames, termed the trusses of 
the roof, which are placed parallel to and at suitable intervals 
from each other ; these receive horizontal beams termed purlins, 
which rest upon them and are placed at suitable intervals apart, 
and upon the purUns are placed inclined pieces termed the long 
rafterSj to which the boards are attached. 

The truss of a roof, for ordinary bearings, consists (Fig. 74) 
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of a horizontal beam termed the He beam, with which the inclined 
beams, termed the principal rafters, are connected by suitable 
joints. The principal rafters may either abut against each other 
at the top, or ridge, or against a king post. Inclined struts are 
in some cases placed between the principal rafters and king post, 
with which they are connected by suitable joints. 

For wider bearings the short rafters (Fig. 75) abut against a 
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straining beam at top. Queen posts connect these pieces with 
the tie bieam A king post connects the straining beam with the 
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top of the short rafters ; and stnits are placed at suitable points 
between the rafters and king and oueeh posts. 

In each of these combinations tne weight of the roof covering 
and the frames is supported by the points of support. The prin- 
cipal rafters are subjected to cross and longitudinal strains, ansing 
from the weight of the roof covering and from their reciprocal ac- 
tion on each other. These strains are transmitted to the tie beam, 
causing a strain of tension upon it. The struts resist the' cross 
strain upon the rafters and prevent them from sagging ; and the 
king and queen posts prevent the tie and straining beams from s^- 
ging and^ve points of support to the struts. The short rafters 
and straimng beam form pomts of support which resist the cross 
strain on the principal rafters, and support the strain on the queen 
posts. 

510. Wooden Arches, A wooden arch may be formed by 
bending a single beam (Fig. 76) and Confining its extremities to 
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Fig. 76— Reprannts a hoiteontal 
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prevent it firom resuming its original shape. A beam in this State 
presents greater resistance to a cross strain than when straight, 
and may be used with advantage where great stiffhess is required, 
provided the points of support are of sufficient strength to resist 
the lateral thrust of the beam. This method can be resorted to 
only in narrow bearings. 

For wide arches a curved built beam must be adopted ; and 
for tha purpose a solid, (Figs. 77 and 78,) or an open built beam 
may be used, depending on the bearing to be spanned by the 
arch. In either case the curved beams are built in the same 
manner as straight beams, the pieces of which they are formed 
being suitably bent to conform to the curvature of the arch, which 
may be done either by steaming the pieces, by mechanical power, - 
or Dy the usual method of softeninff the woody fibres by keeping. 
the pieces wet while subjected to die heat of a light blaze. 
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Wooden arches may also be foimed by iastening tosether sev- 
«nl counes of bouda, ginag the faxae a polygonal loim, (Fig. 
79,) coirespondiog to the desired curvature, and tben shaping the 
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oatei and inner edses of the aich to the proper cnrre. Each 
coime is formed qf boardB cut into short lengths, dependfaig on 
the currature requJred ; Uiese piecea abut end to encl, the joints 
being in the direction of the radii of cuirature, and the pieces 
composing the difTerent couraes break jointa 'with each other. 
The CDurses may be connected either by jiba and keys of haid 
wood, or by iron bolts. This method is very auitable for all 
ligbt frune worit where the pressure bome ia not great. 

Wooden archea are cfaiefly used for biidgea and roofa. . They 
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serve as intermediate points of support for the framing on which 
the roadway rests in tne one case, and the roof covering in the 
other. In bridges the roadway may Ue either above die arch, or 
below it ; in either case vertical posts, iron rods, or bridles con- 
nect the horizontal beams with the arch. 

511. The ereatest strain in wooden arches takes place between 
the crown and springing.line ; this part should, therefore, when 
practicable, be relieved of the pressure that it would directly re- 
ceive firom the beams above it by inclined struts, so arranged as 
to throw this pressure upon the lateral Supports of the arch. 

The pieces which compose a wooden arch may be bent into 
any curve. The one, however, usually adopted is an arc of a 
circle, as the most simple for the mechanical construction of the 
framing,, and presenting all desirable strength. 

512. Centres. The wooden firame with which the voussoirs <rf 
an arch are supported while the arch is in progress of construc- 
tion is termed a centre, 

A centre, like the firame of a roof, consists of . a number ci 
vertical firames (Figs. 80, 81, 82, 83) termed trusses, or ribsy 
upon which horizontal beams, termed bolsters^ are placed to re- 
ceive the voussoirs of the arch. 

The curved, or back pieces of a centre on which the bolsters 
rest consist of beams cut into suitable lengths and shaped to the 
proper curvature ; these pieces abut end to end, the joints between 
them heilig in the drrection of the radii of curvature ; the joints 
are usually secured by short pieces, or blocks placed under the 
abutting ends to which the back pieces are bolted. ^Tbe blocka 
form abutting suifaces iot shores, or inclined struts seated against 
fiim points of support below the back pieces. To prevent the 
shores, or the struts firom bending, braces, or bridles, which are 
usually formed of two pieces, each with shallow notches cut into 
tb^n, are added, and embrace between them the shores, or strutd, 
the whole being firmly connected with iron bolts. 

The combinations used for the frames of centres will depend up- 
on the Position of the points of support and the size of the arches. 
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513. For small light arches (Fig. 80) the ribs may be formed 
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of two or more diicknesscs of short boards, firmly nailed halber ; 
tbe boards in each course abulting end to end by a Joint in tbe 
diiection of the radius of currature of Üie arcb, and breaking 
joints with those of Üie other courae. The ribs are sbaped to 
tbe form of the intrados of the arch, to receive the bolsters, which 
are of battens cut to suitable lengths and nailed to the ribs. 

514. For heavy arches with wide spans, when firm intenne- 
diate points of suppott can be procured between the abutments, 
ihe back pieces (Fig. 81) may be aupported by shores placed 
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under ihe blocks in. the direction of the radü of ciurature of the 
nch, or of incÜned stmu (Fig. 82) rerting <hi tbe points of sup- 
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515. If intermediate pointa of support cannot be obtained, a 
broad jramed support must be made at each abutment lo receiTe 
the extremities Oithe stnitB that suBtaih the back pieces. The 
framed support (Fig. 83) consiste of a heavj beam laid either 
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horizontally, or inclined, and is placed at that Joint of the arch, 
(the one Wtiich makes an angle of about 30° with the horizon,) 
where the voussoirs, if unsupported beneath, would alide on their 
beds. This beam is bome ej shores which find firm points of 
support on the foundations ofthe abutment. 

The back pieces of tlie centre (Fig. 83) may be supported by 
inclined strutswhich reat immediately upon the framed support, oue 
of the two Btruts under each block reating npon one of the framed 
«a|^rts, the other on the one on the opposite aide, the two struts 
being so placed as to make equal angles with the radius of ciir- 
vature of the arch drawn throu^ the middle point of the block. 
Bridle pieces, placed in the direction of the radius of curvature, 
emhrace the blocks and struts in the usual manner, and prevent 
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span of tbe «ch is considecable, and of presentlng frequent cross- 
ii^ of the Btruts where nolchea will be requieite, and Ihe strenj^ 
ofthe beama thereby dimiiiished. 

The centre of Walerloo Bridge over the ThameB (Fig. 83) was 
firamed on Ulis [»inciple. To avoid the inconveniences resulting 
from the croBsing of the stnits, and of building beams of sufficient 
length where the struts could not be procured from a single beam, 
tfae device was imagined in this work of receiving tlie enda of 
sereial stnite at tbe pointa of croasing into a large caat-iron aocket 
auapended by a bridte piece. 

516. Whenthe preceding combination cannot be employed, a 
Btrong tniss, (Fig. 84,) conaiating of two inclined atnita reating 
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upon the firamed supports, and abutting at top againsl a atraining 
beam, may be fonned to leceive tbe enda oi aome of the atnila 
which Support the back piecea. This combination, and all of a 
like character, require that the arch sbould not be conatructed 
more rapidly on one aide of the centre ihan on the other, as any 
ineauality of atrain on the two halves of the centre would have a 
tenaency to change the shape of the frame, thrusting it in the 
direction of the grealer strain. 

517. Meana used for striking CetUres. When the arch is 
completed the centres are detached iioia it, or Struck. To effect 
this in large centres an arrangement of wedge blocks is used, 
termed the striking phies, by meana of which the centre may be 
gradually lowered and detached fi^m the soffit ofthe arch. 'rhis 
arrangement consists (Fie. 83) in forming ateps upon the upper 
aurface of the beam which forms the framed support to receive a 
wedge-shaped block, on which another beam, Irving its under 
surface also aiianged with steps, resta. The stmts of the rüi 
either abut against the upper surbce of the top beam, or eise aie 
inaerted into caat-iron scKJceta, termed shoe-plates, fastened to 
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this Burface. The centre is tftruek by driying back tfae wedge 
block. 

518. When the stnits rest up<m intennediate supports between 
the abutmento, double, ox folmng wedges may be placed under 
the struts, or eise upon the back pieces of the nbs uimer each bol- 
ster. The latter arrangement presents the advantage of alloTtring 
any part of the centre to be eased from the soffit, instead of de- 
taching the whole at oDce as in the other methods of striking 
wedges. This method was employed for the centres of Grosve- 
nor Bridge, (Fig. 82,) over the river Dee at Chester, and was 
perfectly successful both in allowing a gradual settling of the arch 
at various points, and in the Operation^ of striking. 

519. Ttes and Bracesfor detached Frames. When a series 
of frames concur to one end, as, for example, the main beams of 
a bridge, the trusses of a roof, ribs of a centre, &c., they require 
to be tied together and stiffened by other beams to prevent any 
displacement, and warping of the frames. For this puipose beams 
are placed in a horizontal position and notched upon each frame 
at suitable points to ccmnect the whole together ; while others are 
placed crossing each other, in a diagonal direction, between each 
pair of frames, with which they are united by suitable joints, to 
stiffen the frames and prevent them from yielding to any lateral 
efibrt. Both the ties and the diagonal braces may be either of 
Single beams, or of beams in pairs, so arranged as to embrace 
between them the parts of the firames with whieh they are con- 
nected. 

520. Joints, The form and arrangement of joints will depend 
upon the relative position of the beams joined, and the object of 
the Joint. 

Joints may be required for various puiposes, either to connect 
the ends of oeams of which the axes are in the same right Une, 
or make an angle between them ; or the end of one beam with 
the face of another ; or where the, face of one beam rests upon 
that of another. 

In all arrangements of joints, the axes of the beams connected 
should lie in the same plane in which the strain upon the frame 
acts ; and the combination should be so anranged that the parts 
will accurately fit when the frame is put together, and that any 
portion may be displaced without disconnecting the rest. The 
simplest forms most suitable to the object in view will usually be 
found to be the best, as offering the most facility in obtaining an 
accurate fit of the parts. 

In adjusting the surfaces of the joints, an allowance should be 
made for any settling in the frame which may arise either from 
the shrinking of the timber in seasoning while in the frame, or 
from the fibres yielding to the action of the strain. This is done 
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by leaving sufficient play in the joihts when the frame is first set 
up, to admit of the parts Coming into perfect contact when the 
frame has attained its final settling. Joints formed of plane sur- 
faces present more difficulty in tms respect than cunred joints, as 
the bearing surfaces in the latter case will remain in contact 
should any slight change take place in the relative positions of 
the beams firom settUng ; whereas in the fonner a shght setthnf 
might cause the strains to be thrown upon a comer, or edge of 
the Joint, by which the bearing surfaces mi^t be crushed, and 
the parts of the frame work wrenched asunder firom the leverage 
which such a circumstance might occasion. 

The surface of a Joint subjected to pressure should be as great 
as practicable, to secure the parts in contact firom being crushed 
bythe strain; and the surface should be perpendicular to the 
direction of the strain to prevent sliding. 

A thin sheet of wrought iron, or lead, may be inserted between 
the surfaces of joints where, from the magnitude of the strain, 
one of them is nable to be crushed by the other, as in the case 
of the end of one beam resting upon the face of another. 

521. Foldinff wedffes, and pins, or tree-naäs, of hard wood are 
used to bring tne sunaces of joints firmly to their bearings, and 
retain the parts of the firame in their places. The wedges are in- 
serted into Square holes, and tlie pins into auger-holes made 
through the parts connected. As the object of these accessories 
is simply to bring the parts connected into close contact, they 
shoula be carefully driven in order not to cause a strain that 
midit crush the fibres. 

To secure joints subjected to a heavy strain, bolts, Straps, and 
hoops of wrought iron are used. These should be placea in the 
best direction to counteract the strain and prevent the parts firom 
separating ; and wherever the bolts are requisite they should be 
inserted at those points ^hich will least weaken the Joint. 

522. Joints of Beams united end to end, When the axes of 
the beams are in the same right line, the form of the Joint will 
depend upon the direction of the strain. If the strain is one of 
compression, the ends of the beams may be united by a Square 
Joint perpendicular to their axes, the Joint being secured (Fig. 85) 
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Fig. 8jr— Repnseiitfl the manner in which the end Joint of two beama a and h m ftahed 

or secured by nde piecee e and d bolted to them. 

by four short pieces so placed as to embrace the ends of the 
beams, and being fastened to the beams and to each other by 
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bplts. This arrangement, termed ßshing a beanij is used oidy 
for rough work. ft may also be used when the strain.is one cn 
extension ; in this case the short pieces (Fig. 86) may be notched 
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Fig. 89— Repreaenti a fished Joint in which the ride pieces e and d are either let into 

the beams or secuied by keys e, e. 

upon the beams, or eise keys of hard wood, inserted into shallow 
notches made in the beams and short pieces, may be employed 
to give additional security to the Joint. 

Ä Joint termed a scarfrmy be used for either of tiie för^going 
purposes. This Joint may be formed either by halving the beams 
on each other near their ends, (Fig. 87,) and securing the joints 




Fig. 87— Repreeents a scaif Joint Becnied by iion plates c, c, keyi d^ d, and bcto. 

by bolts, or Straps ; or eise by so arranging the ends of the two 
beiams that each shall fit into shallow triangulär notches cut into 
the other, the Joint being secured by iron hoops. This last 
method is employed for round timber. 

523. When beanis united at their ends are subjected to a cross 

^strain, a scarf Joint is generally used, the under part of the Joint 

being secured by an iron plate confined to the beams by bolts. 

The scarf for this purpose may be formed simply by halving the 

beams near their ends ; but a more usual and better form (Fig. 
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Fig. 88-*Repre8entB a scarf Joint for a cross strain secnred at bottom by a pieee 
of timber c confined to the beams by iron hoops <f, d and keys e,e, 

88) is to make the portion of the Joint at the top surface öf thie 
beams perpendicular to their axes, and about one third, of their 
depth; the bottom portion being oblique to the'axis, as well as 
the portion joining tnese two. 

when the beams are subjected to a cross strain and to one of ex- 
tension in the direction of their axes, the form of the scarf must be 
suitably arranged to resist each of Äese strains. The one shown 
in Fig. 89 is a suitable and usual form for these objects. A folding 
wedge key of hard wood is inserted into a space left between the 
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parts of the Joint which catch when the beamB are drawn apart. 
Tht key.seryea to bring the surfiMres of the joints to their bear- 
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Fig. 89— Repnnnte a nuf Joint ananfsd ta nmt a eioB iftimiB aiid «ne «f 
enteniiQD. Thabottomoi the Joüa ■ Meandl^aa inmptalBooiifiiMdby 
bolli. The ibldiiif wedgfi key mwrted wt e mrrm to bring all the mfaeee 
«f thejeinti lo tMir heunngi 

ings, and to form an abutting surface to resist the strain of exten- 
aion. In this fonn of acarf the surface of the Joint which abuts 
againat the key will be compressed ; the portions of the beams 
just above and below the Key will be subjected to extension« 
These paits should present the same amount of resistance, or 
have an equality of cross section. The length of the scarf should 
be regulated by the resistance with which the timber employed 
resists detrusion compared with its resistance to compression and 
extension. 

524. When the axes of beams form an angle between them, 
they may be connected at their ends either by halving them 
on each other, or by cutting a mortise in the centre of one beam 
at the end, and shaping the end of the other to fit into it. 

525. Joints for connecting the end ofone beam with the face 
ofanother. The joints used for this purpose are termed mortise 
and tenon joints. Their form will depend upon the anffle be- 
tween the axes of the beams. When the axes are perpendicular 
the mortise (Fig. 90) is cut into the face of the beam, and the end^ 
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ft, moitifle in the beam B. 

c, pin to hold the parta togetfaer. 



of the other beam is shaped into a tenon to fit the mortise. When 
the axes of the beams are oblique to each other, a triangulär notch 
(Fig. 91) is usually cut into the face of one beam, the sides of the 
notch being perpendicular to each other, and a shallow mortise is 
cut into the fower surface of the notch ; the end of the other beam 
is sttitably shaped to fit the notch and mortise. 
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Tenon and mortite joints have received a variety öf fonns. 
The direction d the strain and the effect it may produce upon 




Fig. 9l^RepKe0enti a matim aad tenon 
Joint when the axes of the beame 
are oblique to each other. A notch 
whoee tanufaces ab and bc are at right 
anglea is cut into the beam B and a 
ahaUow mortise d is cut below the aur- 
ftcefrc. The endof the beam Ais ar- 
ranged to fit the notch and mortise in 
B. The Joint is secnied by a acrew 
holt. 



the Joint must in all cases regulate this point. In some cases the 
circular Joint nu^y be more suitable than those fonus which are 
plane sunaces ; in otbers a double tenon may be better than the 
simple Joint. 

526. Tie joints. These Joints are used to connect beams 
which cross, or lie on each other. The simplest and strongest 
form of tie Joint consists in cutting a notch in one, or both of the 
beams to connect them secm^ly. But when the beams do not 
cross, but the end of one rests ypon the other, a notch of a tra- 
pezoidal form (Fig. 92) may be cut in the lower beam to receive 
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the end of the upper, which is suitably shaped to fit the notch. 
.This, firom its shape, is termed a dove-tail Joint. It is of fire* 

auent use in joinery, but is not suitable for heavy firames where 
le joints are subjected to considerable strains, as it soon becomes 
loose from the shrinking of the timber. 

527. Iron Frames. Gast and wrought iron are both used for 
frames. The former is most suitable where great strength com- 
bined with stifiness is reqüired ; the latter for Ught frames and 
where.yer the strains act mainly as tensions. 

In iron frames the same general principles of combination are 
applicable as in those of timber, and they admit of the same das- 
^incation as frames of the latter material. 

Gast iron is most easily wrought into the best fonns for 
strength. The dimensions of the pieces must, howerer, be re* 
stricted within certain practica! limits, both on account of the 
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labor and expense attendant upon the casting and handlins of 
heavy pieces, and the difficulty of procuring them of uniiorm 
quality when of large size. In arranging the component parts of 
an iron firame, unifonnity in the shape and dimensions is requi- 
site both for economy and perfection of workmanship ; and as far 
as practicable, the bulk of the different parts of each piece should 
be the same, in order to avoid the dangers arising firom unequal 
shrinking in cooling. 

Wrought iron may be hammered, or rolled into the most suit* 
able forms for strength, but for frames bars of a rectangular sec- 
tion are mostly used. 

The joints m both cast and wrought iron frames are made upon 
the same principles as in those of timber, the forms being adapted 
to the nature oi the material ; they are secured by wrought iron 
wedges, keys, bolts, &;c. 

528. Frames for Cross Strains. Solid beams of cast iron, 
moulded into the most suitable forms for strength and for adap- 
tation to the object in view, may be used for supporting a cross 
strain where the bearings are of a medium width. Solid wrought 
iron beams can be used with economy for the same purposes 
only for short bearings. 

529. Open cast iron beams are seldom used except in combina- 
tion with cast iron arches. Those of wrought iron are frequently 
used in stnictures. They may be formed of a top and bottom rail 
connected by diagonal pieces, forming the ormnary lattice ar- 
rangement ; or a piece bent into a curved form may be placed 




f\g» 03— Repreieiiti an often 
oeam of wroaght iron consiat- 
ing of a top and bottom rail a 
and 6, with an intermediate 
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by the piecea c, c in paiis bäted 
tothem. 

df e, and / represent the parte of a 
tnusof a curved light roof, con- 
nected with the open beam ; and 
alao the manner in which the 
whole are secured to the watt. 



between the rails, or any other suitable combination (Fig. 9B) 
may be used which combines lightness with strength and stimiesfi^: 
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530. Iron Arches, Gast iron arches may be used for the same 
objects as those of timber. The frames for these purposes con* 
sist of several parallel ribs of uniform dimensions whicb are cast 
into an arch ^rm, the ribs being connected by horizontal ties, 
and stiffeaed by diagonal braces. The weight of the superstriic- 
ture is transnaitted to the curved ribs in a variety of ways ; most 
usually by an open cast iron beam, the lower part of which is so 
shaped as to rest upon the curved rib, and the upper part suitably 
formed for the object in view. These beams are also connected 
by ties, and stiffened by diagonal braces. 

Each rib, except for narrow spans, is composed of several 
piecesy or segments, between each pair of which there is a Joint 
m the direction of the radius of curvature. The forms and di- 
mensions of the Segments are uniform. The segments are usually 

either solid, (Fig. 94,) or open plates of uniform thickness, having 

b 




Fig. 9*-Rei)- 
resents a por- 
tion of a cast 
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a flanch of uniform breadth and depth at each end, and on the 
entrados and intrados. The flanch serves both to give strength 
to the Segment and to form the connection between the segments 
and the parts which rest upon the rib. 

The ribs are connected by tie plates which are inserted be- 
tween the joints of the segments, and are fastened to the segments 
by iron screw bolts which pass through the end flanches of the 
segments and the tie plate between them. The tie plates may be 
either open, or solid ; the former being usually preferred on ac- 
count Ol their superior lightness and cheapness. 

The frame werk of tne ribs is stiffened by diagonal pieces 
which are connected either with the ribs, or the tie plates. The 
diagonal braces are cast in one r)iece, the arms being ribbed, or 
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fetdhered, and tapering firom the centre towttida the ends in a 
Boitable manner to give lightness combined with strength. 

The open beanu (Fig. 94) which reet apon the curräd libs aie 
cast in a suitable number of panels ; the Joint between each pair 
being either in the directicHi of the radii oi the arch, or eise rerti- 
cal. These pieces aie also cast with flanches, by which they are 
connected together and with the other paits of tne frame. The 
beams, like ue ribe, are tied together and Aiffened by ties and 
dia^nal bracea. 

Beams of suitable fonns for the poiposes of the structure are 
placed either lengthwise, or crosswise upon the open beams. 

531. Cmred ribs of a tubulär form have, withm a few yeais 
back, been tried with success, and bid ixa to snpenede the or- 
dinary plate rib, as with the same amount of metal they combine 
inore streoffth than the flat rib. 

The application of tubulär ribs was fint made in the United 
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States by Major Delafield of the U. S. Corps of Engineers, in an 
arch for a bridge of 80 feet span. Each rib was formed of nine 
Segments ; eacn segment (Fig. 95) being cast in one piece, the 
cross section of which is an elliptical ring of uniform thickness, 
the transverse axis of the ellipse being in the direction of the ra- 
dius of curvature of the rib. A broad elliptical flanch with ribs, 
or stays, is cast on each end öf the segment, tö connect the parts 
with each other ; and three chairSy or saddle pieceSy with grooves 
in them, are cast upon the entrados of each segment, and at equal 
intervals apart, to receive the open beam which rests on the curved 
rib. 

The ribs are connected by an open tie plate, (Fig. 95.) Raised 
elliptical projections are cast on each face of the tie plate, where 
it is connected with the segments, which are adjusted accurately 
to the interior sorface of each pair of segments, between which 
the tie plate is embraced. The segments and plate are fastened 
by screw bolts passed through the end flanches of the segments. 

The tie plates form the only connection between the curved 
ribs ; the broad ribbed flanches of the segments, and the raised 
rims of the tie plates inserted into the ends of the tubes, giving 
all the advantages and stiffness of diagonal piepes. 

532. Tubulär ribs with an elliptical cross section have been 
used in France for many of their bridges. They were first intro- 
duced but a few years back by M. Polonceau, after whose designs 
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Fig. 9ft— Repiwenti a aide view A and a cross tection and end view B thiongh a jdnt 

of M. Pdonceau*B tubulär arch. 
a, a, top flanch, b, b bottom flanch of the semt-segments united along the vextical Joint 

cd through the azis of the lib. 
ght ade View of the Joint between the flanches e, e of two semi-segments. 
m, inner aide of the flanches. 

0. cross section of a semi-segment and top and bottom flanches. 
/,/, thin wedges of wrought iron placed oetween the end flanches of the semiHMgments 

to bring the paits to their pfopeF bearing. 
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the greater part of these structures have been built. Accoiding 
to M. Polonceau's plan, each rib consists of two symmetrical parts 
divided lengthwi^e by a vertical Joint. Each half of the nb is 
composed of a number of segments so distributed as to break 
joints, in order that when the segments are put together there 
shall be no continuous cross Joint through the ribs. 

The seffments (Fig. 96) are cast with a top and bottom flanch 
and one also at each end. The halves of the rib are connected 
by bolts through the upper and lower flanches, and the segments 
by bolts through the end flanches. 

For the purposes of adjusting the segments and bringing the 
rib to a suitable degree ot tension, flat pieces of wrought iron of 
a wedge shape are driven into the joints between the seraients, 
and are connned in the joints by the bolts which fasten uie seg- 
ments and which also pass through these wedges. 

To connect the ribs with each other, iron tubulär pieces are 




Fig. 97— Represents the half of a truas of wrought iron for the new Houses of Parlia- 
mect, England. The pieces of this truss are formed of bara of a rectangular secticHi. 
The joints are secured by cast iron sockets, withii) which the eads of the ban are 
secured by screw bolts. • 
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placed between them, the ends of the tubes being suitably ad- 
psted to the sides of the ribs. Wrought irbn rods which senre 
as ties pass through the tubes and ribs, being arranged with 
screws and nuts to draw the ribs firmly against the tubulär pieces. 
Diagonal pieces of a suitable form are placed between the ribs to 
give them the requisite degree of stiffness. 

In the bridges constructed by Mr. Polonceau according to this 
plan, he supports the longitudinal beams of the roadway by cast 
iron rings which are fastened to the ribs and to each other, and 
bear a cheur of a suitable form to receive the beams. 

533. Iron roof Trasses, Frames of iron for roofs have been 
made either entirely of wrought iron, or of a combination of 
wrought and cast iron, or of these two last materials combined 
with timber. The combinations for the trusses of roofs of iron 
are in all respects the same as in those for timber trusses. The 
parts of the truss subjected to a cross strain, or to one of com- 




Fig. 9S— Represents the half of a truas for the saroe bnilding oomposed of wrought and 

cast iron. 
a, a, feathered struts of cast mm. 
6, 6, Suspension bars in pairs. 
m, n, tie and straining bais. 
e, e «Ddftfj croBB sections of beams resting in the cast iron sockets connected with tha 

fuspennon bars. 
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pression, are airanged to give the most suitable forma for streiurth, 
and to adapt them td the object in yiew. The parts subjected to 
a Btrain of extension, as the tie-beam and king and queen posts, 
are-made either of wrought iron or of timber, as may be tbund 
best adapted to the particular end proposed. The joints are in 
some cases arrangea by inserting tne ends of the beams, or bars, 
in cast iron sockets, or dioes of a suitable form ; in others the 
beams are united by joints arranged like those for timber frames, 
the joints in all cases being secured by wrought iron bolts and 
keys. (Figs. 97, 98, and 99.) 




Fig. 99— Renrannti the ar- 
rangemeiitB of the paitB at 
theloint c in Fig. 96. 

A, riae view of the pieoee 
and Joint 

o, principal rafter of the enoi 
■ectionB. 

i, oommon rafler <rf' the dofli 
■ectionC. 

c, fsnm aeetion of pnilinB and 
Joint for faatening the oom- 
moD raften to the puriins. 

if , caat ifon aocket ananged 
to oonfine the pieces a, h. 



534. Flexible Supports for Frames, Chains and ropes may 
firequenüy be substituted with adyantage for rigid materials, as 
intermediate points of support for frames, forming Systems of 
Suspension in which the parts supported are suspended from the 
flexible Supports, or eise rest upon them either directly, or through 
the intermedium of rigid beams. 

535. All Systems of Suspension are based upon the property 
which the catenary curve in a State of equilibrium possesses 
of Converting vertical pressures upon it into tensions in the di- 
rection of the curve. These Systems therefore oflfer the advan- 
tages of presenting the materiais of which they are composed 
in the best manner for calling into action the greatest amount 
of resistance of which they are capable, and of allowing tlie 
dimensions of the parts to be adapted to the strain thrown upon 
them more accurately than can be done in rigid Systems ; thus 
avoiding much of the unproductive weight necessarily intro- 
duced into structures of stone, wood, and cast iron. They offer 
also the farther advantages that in their construction the parts of 
which they are composed can be readily adjusted, put together. 
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and taken apart for repairs. They present the disadvantages af 
dianffing both their form and dimensions from the action of the 
weatner and variations of temperature, and of being liable to 
grave accidents from undulations and vertical vibrations caused 
by high winds, or moveable loads They require, therefore, that 
the nxed points of support of the System should be very firm 
and durable, and that constaat attention should be given to keep 
the System in a thorough State of repair. 

536. A chain or rope, when fastened at each extremity to fixed 
points of support, will, from the action of cravity, assume the form 
of a catenary in a State of equilibrium, whether the two extremi- 
ties be on the same, or different levels. The relative height of 
the fixed supports may therefore be made to conform Xo the 
locaUty. 

537. The ratio of the versed sine of tlie arc to its chord, or 
span, will also depend, for the most part, on local circumstances 
and the obiect of the suspended structure. The wider the span, 
or chord, for the same versed sine, the greater will be the tension 
along the curve, and the more strength will therefore be required 
in aU the parts. The reverse wUl obtain for an increase of versed 
sine for the same span ; but there will be an increase in the length 
of the curve, 

538. The chains may either be attached at the extremities of 
the curve to the fixed st^ports, or piers ; or they may rest upon 
them, (Fig. 100, 101,) being fixed into anchoring masses^ or 




Fig. lOO—Represents a chain aich äbcde^ resting upon two i)ie»/,tf and anehored at 
the iMHnti a and e, from which a horizoDtu beim mn » luiqiended by Tartieal 
chains, or lods. 

b 




Fig. 101— Representi the manner in which the system may be ananged when a Single 
pier is placed between the extreme points of the bearing. 

abutments, at some distance beyond the piers. Local cir- 
cumstances will determine which of the two methods will foe 
the more suitable. The latter is generally. adopted, particulatly 
if the piers require to be high, since the strain upon them from 
the tension might, from the leverage, cause rupture in the pier 
near the bottom, and because, moreover, it remedies in some de- 
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gree the inconveniences arising from variations of tension caused 
either by a moveable load, or changes of temperature. Piers of 
wood, or of cast iron moveable around a Joint at their base, have 
been used instead of fixed piers, with the object of remedying the 
same inconveniences. 

539. . When the chains pass over the piers and are anchored at 
some distance beyond them, they may either rest upon saddle 
pieces of cast iron, or upon pulleya {daced on the piers. 

540. The position of the ancnoring points wiu depend upon 
local circumstances. The two branches of the chain may eitner 
make equal ängles with the bjxb of the pier, thus assuming the 
same curvature on each side of it, or eise the extremity of tbe 
chain may be anchored at a point nearer to the base of the pier. 
In the former case the resultant of the tensions and wei^hts will 
be vertical and in the direction of the axis of the pier, in tne latter 
it will be obUque to the axis, and should pass so far within the 
base that the material will be secure from crushing. 

541. The anchoring points are usually masses of masonry of 
a suitable form to resist the strain to which they are subjected. 
They may be placed either above or below the surface of the 
ground, as the locality may demand. The kind of resistance 
offered by them to the tension on the chain will depend upon 
the Position öf the chain. If the two branches of the chain make 
equal ahgles with the axis of the pier, the resistance offered by 
the abutments will mainly depend upon the strength of the ma- 
terial of which they are formed. If the branches of the chain 
make unequal angles vrith the axis of the pier, the branch fixed 
to the anchoring mass is usually deflected m a vertical direction, 
and so secured that the weight of the abutment may act in resist- 
ing the tension on the chain. In this plan fixed pulleys placed 
on very firm Supports will be required at the point of deflection 
of the chain to resist the pressure arising from the tension at 
these points. 

Whenever it is practicable the abutment and pier should be suit- 
eb\y connected to increase the resistance offered by the former. 

The connection between the chains and abutments should be 
so arranged that the parts can be readily examined. The chains 
at these points are sometimes imbedded: in a paste of fat lime to 
preserve them from oxidation. 

542. The chains may be placed either above or below the 
structure to be supported. The former gives a System of more 
Btability than the latter, owing to the position of the centre of 
gravity, but it usually requires high piers, and the chains cannot 
generally be so well arranged as in tne latter to subserve the re- 

äuired purposes. The curves may consist of one or more chains. 
leveral are usually preferred to a single one, as for the same 
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amount of metal they offer more resistance, can be more accu- 
rately manufactured, a):e less liable to accidents, and can be more 
easily put up and replaced than a Single chain. The chains of 
the curve may be placed either side by aide, er above each other, 
according to circumstances. 

543. The curves may be formed either of chains, of wire 
cables, or of bands of hoop iron. Each of these methods has 
found its respective advocates among engineers. Those who 
prefer wire cables to chains urge that the latter are more liable 
to accidents than the former, that their strength is less uniform 
and less in proportion to liieir weight than that of wire cables, 
that iron bars are more liable to contain conceäled defects than 
wire, that the proofs to which chains are subjected may increase 
without, in all cases, exposing these defects, and that the con- 
struction and putting upof chains is more expensive and difficult 
than for wire cables. The opponents of wire cables State that 
they are open to the same oDJections as those urged agaiust 
chains, that they offer a greater amount of surface to oxidation 
than the same Tolume of bar iron would, and that no precaution 
can prevent the moisture from penetrating into a wire cable and 
causing rapid oxidation. 

That in this, as in all like discussions, an exaggerated degree 
of importance should have been attached to the objections urged 
on each side was but natural. Experience, however, derived 
from existing works, has shown that each method may be ap- 
plied with safety to structures of the boldest character, and that 
wherever failures have been met with in either method, they were 
attributable to those faults of workmanship, or to defects in the 
material used, which can hardly be anticipated and avoided in any 
novel application of a like character. Time alone can definitively 
decide upon the comparative merits of the two methods, and how 
far either of them may be used with advantage in the place of 
structures of more rigid materials. 

544. The chains of the curves may be formed of either round, 
Square, or flat bars. Chains of flat bars have been most generally 
used. These are formed in long links which are connected by 
short plates and bolts. Each link consists of several bars of the 
same length, each of which is perforated with a hole at each end 
to receive the connecting bolts. The bars of each link are placed 
side by side, and the links are connected by the plates which 
form a short link, and the bolts. 

The links of the portions of the chain which rest upon the 
piers may either be beut, or eise be made shorter than the others 
to acconmiodate the chain to the curved form of the surface on 
which it rests. 

545. The vertical Suspension bars may be either of round or 



200 PRAMINO. 

Square bars. They are usually made with one or more articula- 
tions, to admit of their yielding with less strain to the bar to any 
motion of Vibration, or of oscillation. They may be suspendea 
from the connecting bolts of the links, but the preferable method 
is to attach them to a suitalble saddle piece which is fitted to the 
top of the chain and thus distributes the strain upon the bar 
more uniformly over the bolts and links. The lower end of the 
bar is suitably arranged to connect it with the part suspended 
from it. 

546. The wire cables used for curves are composed of wires 
laid side by side, which are brought to a cylindncal shape and 
confined by a spiral wrapping of wire. To form the cable 
several equal sized ropes, or yams, are first made. This may 
be done by cutting all the wires of the length required for the 
yam, or by uniting end to end the requisite number of wires for 
the yam, and then winding them around two pieces of wrought 
or of cast iron, of a horse-shoe shape, with a suitable gorge to re- 
ceiye the wires, which are placed as far asunder as the required 
len^ of the yam. The yam is fimüy attached at its two ends 
to the iron pieces, or cruppersy and the wires are temporarily con- 
fined at intermediate points by a spiral lashing of wire. Whichever 
of the two methods oe adopted, great care must be taken to give 
to every wire of the yam the same degree of tension by a suitable 
mechanism. The cable is completed after theyams are placed 
upon the piers and secured to the anchoring ropes or chains ; for 
this purpose the temporary lashings of the yams are undone, and 
all tne yams are united and brought to a cylindncal shape and 
secured throughout the extent of the cable, to within a short dis~ 
tance of each pier, by a continuous spiral lashing of wire. 

The part oi the cable which rests upon the pier is not bound 
with wire, but is spread over the saddle piece with a uniform 
thickness. 

547. The Suspension ropes are formed in the same way as the 
cables ; they are usually arranged with a loop at each end, formed 
around an iron crapper, to connect them with the cables, to which 
they are attached, and to the parts of the stmcture suspended 
from them by suitable saddle pieces. 

548. To secure the cables from oxidation the iron wires are 
coated with vamish before they are made into yams, and after 
the cables are completed they are either coated with the usual 
paints for securing iron from the effects of moisture, or eise 
covered with some impermeable material. 

549. Experiments an the Strength of Frames, Experimental 
researches on this point have been mostly restricteq to those 
made with modeis on a comparatively small scale, owing to the 
expense and difficulty attendant upon experiments on frames 
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haviBg the form and dimensions of those employed in ordinaiy 
structiures. 

Among the most remarkable experiments on a large scale are 
those made by order of the French govemment at Lorient, under 
the direction of M. Riebell, the superintending engitieer of the 
port, and pubUshed in the Annales maritimes et Coloniales, Feb. 
and NoY., 1837. 

The experiments were made by fijst setting up the frame to 
be tried, and, after it had settlea under the action of its own 
weight, suspending from the back of it, by ropes placed at equal 
intervals apart, equal weights to represent a load uniformly dis- 
tributed over the back ^f the firame. 

The results contained in the foUowing table are from experi- 
ments on a truss (Fig. 102) for the roof of a ship shed. The 
truss consisted of two rafters and a tie beam, with Suspension 

Fig. 102. 




pieces in pairs» and diagonal iron bolts which 
cause it was necessary to scarf the tie beam. 
truss was 65^ feet ; tne rafters had a slope of 1 
4 base. The thickness of the beams, measured 
about 2| inches, their depth about 18 inche's. 
the settlin^ at each rope was ascertained by 
vertical rods, the measures being taken below 
marked 0. 
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The foUowing table gives the results of experiments made on 
frames of the usual forms of straight and curved timber for roof 
trusses. The curved pieces were made of two thicknesses, each 

26 
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d| inches. The numbers in the fifth column give the ratios be- 
tween the weight of the frame and that of the weight bome by 
which the elasticity was not impaired. 

Fig. 108. 




Fig. 104. 




Fig. 106. 




Fig. 106. 
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BRIDGES, &c. 



650. Undsb this head will be comprised that class of struc- 
tures whose object is to afibid a line of communication above tfae 
general surface of a country, either by means of a roadway, or 
of a water-way, without obstructing those, Communications which 
lie upon the surface. 

When the structure Supports a roadway it is termed a via- 
duct ; and when a water-way an aqueducU 

If the structure is limited to afibiding a communication over a 
water-course, it is termed a bridge when it Supports a road-way, 
and an aqueduct-bridge when it afibrds a water-way. 

For the convenience of description, bridges, &c., may be clas- 
sified either from the kind of the material of which they are con- 
structedy as a Stone Bridge^ a Wooden Bridge^ 6cc,, or from 
the character of the structure, as a Permanent Bridge, a Draw- 
Bridge, &c. 

STONE BRIDGES. 

551. A Stone bridge consists of a roadway which rests upon 
one or more arches, usually of a cylindrical form, the abutments 
and piers of the arches being of sufficient height and strength to 
secure them and the roadway firom the effects of any extraor- 
dinary rise in the water-course. 

552. Locality, The point where a bridge may be required, 
as well as the direction of the aacisy or centre line <oi the roadway 
oyer the bridge, usually depends upon the position of a line of 
communication which traverses the water-course, and of which 
the bridge is a necessary link. When, however, the engineer is 
not restricted in the choice of a suitable locality by this condition, 
he should endeavor to select one where the soil of the bed will 
afford a firm support for the foundations of the structure ; where 
the approaches, or avenues leading from the banks of the water- 
course to the bridge can be easily made, not requiring high em- 
bankments or deep excavations ; and one where the regimen of the 
water-course is uniform and not likely to be changed in any hutt- 
fiil degree by elbows, or other variations in the water-way near 
the bridge, or by the obstruction which the foundations, &c., of 
the structure may offer to the free discharge of the water. 

To ayoid the (ufficulties which the construction of askew arches 
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presents, the axis of the bridge should be perpendicular to the 
direclion of the thread of the current, since, for the security of the 
foundations, the faces of the piers and abutments of the arches 
must be placed parallel to the thread of the current. 

553. Survey. With whatever considerations the locality may 
have been selected, a careful survey must be made not only oi 
it, but also of the water-course and its enyirons for some distance 
above and below the point which the bridge will occupy, to en- 
able the engineer to judge of the probable effects wnich the 
bridge when erected may have upon the natural regimen of the 
water-course. 

The object of the survey will be to ascertain thoroughly the 
natural features of the surface, the nature of the subsoU of the 
bed and banks of the water-course, and the character of the 
water-course at its different phases of high and low water, and 
of freshets. This information will be embodied in a topographi- 
cal map ; in cross and longitudinal sections of the water-course 
and the substrata of its bed and banks, as ascertained by sound- 
ings and borin^s ; and in a descriptive memoir which, besides the 
usual State of the water-course, should exhibit an account of 
its changes, occasioned either by permanent or by accidental 
causes, as from the effects of extraordinary freshets, ot from 
the construction of bridges, danis, and other artificial changes 
either in the bed or banks. 

554. Having obtained a thorough knowledge both of the Posi- 
tion to be occupied by the bridge and its environs, the two most 
essential points which will next demand the consideration of the 
engineer will be, in the first place, so to adapt his proposed struc- 
ture to the locaUty, that a sufficient water.-way shall be left both for 
navigable purposes and for the free discharge of the water accu- 
mulated during high freshets ; and, in the second, to adopt such 
a System of mundations as will be most likely to ensure the 
safety of the structure when exposed to this cause of danger. 

555. Water^way. When the natural water-way of a river is 
obstructed by any artificial means, the contraction, if consider- 
able, will cause the water, above the point where the obstruction 
is placed, to rise higher than the level of that below it, and pro- 
duce a fall, with an increased velocity due to it, in the current 
between the two levels. These causes, during heavy freshets, 
may be productive of serious injury to agriculture, from the over- 
flowing of the banks of the water-course ; — may endanger, if not 
entirely suspend navigation during the seasons of freshets ; — and 
expose any structure which, like a bridge, forms the obstruction 
to ruin, from the increased action of the current upon the soil 
around its foundations. If, on the contrary, the natural water- 
way is enlarged at the point where the structure is placed, with 
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the view of preventmg these consequehces, the velocity of the 
current, dunng the ordinary stages of the water, will be de- 
creased, and this will occasion deposites to be formed at the 
point, which, by gradually filling up the bed, might, on a sudden 
rise of the water, pirove a more serious obstruction than the struc- 
ture itself ; particularly if the main body of the water should hap- 

!)en to be direrted by tne deposite from its ordinary Channels, and 
brm new ones of greater depth around the foundations of the 
structure. 

The water-way left by the structure should, for the reasons 
above, be so regulated that no considerable change shall be occa- 
sioned in the velocity of the current through it'during the most 
unfavorable stages of the water. 

556. For the purpose of deciding upon the most suitable ve- 
locity for the current through the contracted water-way formed 
by the structure, the velocity of the current and its effects upon 
the soil of the banks and bed of the natural water-way shoula be 
carefuUy noted at those seasons when the water is highest ; se- 
lecting, in preference, for these observations, those points above 
and below the one which the bridge is to occupy, where the 
natural water-way is most contracted. 

557. The velocity of the current at any point may be ascer- 
tained by the simple process of allovnng a light ball, or float of 
some material, like white wax, or camphor, whose specific grav- 
ity is somewhat less than that of water, to be carried along by 
the current of the middle thread of the water-course, and noting 
the time of its passage between two fixed Station!^. 

558. From the velocity at the surface, ascertained in this 
way, the average, or mean velocity of the water, which flows 
through any cross-section of the water-way between the stations 
where the observations are taken, may be found, by taking four 
fifths of the velocity at the surface. 

Having the mean velocity of the natural water-way, that of 
the artificial water-way will be obtained from the foUowing ex- 
pression, 

s 
v = m — V, 
s 

in which s and v represent, respectively, the area and mean 
velocity of the artificial water-way ; s and v, the same data of 
the natural water-way; and m a constant quantity, which, as 
determined from various experiments, may be represented by the 
mixed number 1,097. 

With regard to the effect of the increased velocity on the bed, 
there are no experiments which directly apply to the cases usually 
met with. The foUovnng table is drawn up from experiments 



«STONE BRIDGES. 



207 



made in a confiiied chajinel, the bottom and sides of the Channel 
being formed of rough boaids. 



/Btages of aecnma- 
latioa tenned 


Velocity of 
river in feet 
per second. 


Natoie of the bottom which JvsC bean 
f Qch velocitiee. 


Specific grayi- 
tyof thema- 
teilal. 


Oidiiiary floods . 

Uniform tenors . 

GUding . . . 
Dali .... 


(3.2 
}2.17 
C1.07 
<0.e2 
(0.71 
0.351 
0.36 


Angnlar stones, the size of a hen's egg 
Sonnded pebbles, one ineh in diameter 
Gravel of the size of gaiden beans . . 

Gravelofthe sizeof peas 

Coarse yellow sand 

Sand, the grains the size of aniseeds 
Brown potter's clay 


2.25 

2.614 

2.545 

2J)45 

2.36 

2.545 

2.64 



559. Bays. With the data now before him, the enrineer can 
proceed to the arranffement of the forms and details of the various 
parts of the proposed structure. 

The first point to be considered under this head will be the 
number of oays, or intervals into which. the natural water-way 
must be divided, and the forms and dimensions of the arches 
which span the bays. 

As a general rme, there should be an odd number of bays, 
whenever the width of the water-way is too great to be spanned 
by a Single arch. Local circumstances may require a departure 
from this canon ; but, when departed from, it will be at tne cost 
of architectural effect ; since no secondary feature can occupy 
the central point in any ^chitectural composition without impair- 
ing the beauty of the structure to the eye ; and as the arches are 
the main features of a stone bridge, the central point ought to be 
occupied by one of them. 

Tne width of the bays will depend mainly upon the character 
of the current, the nature of the soil upon whicn the foundations 
rest, and the kind of material that can be obtained for the ma- 
sonry. 

For streams with a gentle current, which are not subject to 
heavy freshets, narrow bays, or those of a medium size may be 
adopted, because, even a considerable diminution of the natural 
water-way will not greatly affect the velocity under the bridge, 
and the foundations therefore will not be liable to be undermined. 
The difficulty, moreorer, of laying the foundations in streams of 
this character is generally inconsiderable. For streams with a 
rapid current, and which are moreover subject to great freshets, 
wide bays will be mQst suitable, in order, by procuring a wide 
water-way, to diminish the danger to the points of support, in 
placing as few in the stream as practicable. 

If materials of the best quality can be procured for the struc- 
ture, wide bays with bold arches can be adopted with safety ; 
but, if the materials are of an inferior quality, it will be most 
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prudent to adopt bays of a small, or medium space, and a strong 
form of arch. 

560. Arches, Cylindrical arches with any of the usual forms 
of curve of intrados may be used for bridges. The selection will 
be restricted by. the width of the bay, the highest water-level 
during freshets, the approaches to the bridge, and the architec- 
tural effect which may be produced by the structure, as it is more 
or less exposed to view at the intermediate stages between high 
and low water. 

Oval and segment arches are mosdy preferred to the füll cen- 
tre arch, particularly for medimn and wide bays, for the reasons 
that, for the same level of roadway, they afford a more ample 
water-way mider them, and their neads and spandrels offer a 
smaller surface to the pressmre of the water dunng freshets than 
the füll centre arch under like circmnstances. 

The füll centre arch, from the intrinsic beauty of its form, llie 
simplicity of its construction, and its strength, should be preferred 
to any other arch for bridges over water-courses of a uniformly 
moderate current, and which are not subjected to considerable 
changes in their water-levels, particularly when its ad Option does 
not demand expensive embanlanents for the approaches. 

If the bays spanned by the arches are of the same width, the 
curves of all the arches must be identical. If the bays are of 
unequal width, the widest should occupy the centre of the struc- 
ture, and those on each side of the centre should either be of 
equal width, or eise decrease uniformly from the centre to each 
extremity of the bridge. In this case the curves of the arches 
should be siihilar, and have their springing lines on the same 
level throughout the bridge. 

The level of the springing lines wiQ depend upon the rise of 
the arches, and the height of their crowns above the water-level 
of the hiebest freshets. The crown of the arches should not, as 
a general rule, be less than three feet above the highest known 
water-level, in order that a passage-way may be left for floating 
bodies descending during freshets. Between this, the lowest po- 
sition of the crown, and any other, the rise should be so chosen 
that the approaches, on the one band, may not be unnecessarily 
raised, nor, on the other, the springing lines be placed so low as 
to mar the architectural effect of the structure during the ordinary 
Stades of the water. 

When the arches are of the same size, the axis of the roadway 
and the principal architectural lines which run lengthwise along 
the hea^ß of the bridge, as the top of the parapet, the comice, 
&c., &c., will be horizontal, and the bridge, to use a common 
expression, be on a dead level throughout. This has for some 
time been a favorite feature in bridge architecture, few of the 
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more recent an^ celebrated bridges being without it, as it is 
thought to give a character of lightness and boldness to the struc- 
ture which is wanting in bridges built with a uniform declivity 
from the centre to the extreme arches. Wilhotit stopping to ex- 
amine this claim of 'architectural beauly for level bridges, it is 
well to State that it may be purchased at too great a cost, par- 
ticularly in localities where the relative level of the roadway and 
of the adjacent ground v\rould demand high embankments for the 
approaches. 

561. Style of Architecture, The design and construction of 
a bridge should be govemed by the same general principles as 
any other architectural composition. As the object of a bndge is 
to bear heavv loads, and to v\rithstand the effects of one of the 
most destructive agents v^rith which the engineer has to cpntend, 
the general character of its architecture should be that of slrength. 
It should not only be secure, but to the apprehension appear so. 
It should be equally removed from Egyptian massiveness and 
Corinthian lightness ; while, at the same tune, it should conform 
to the features of the surrounding locality, being more omate and 
carefully wrought in its minor details in a city, and neatr buildings 
of a sumptuous style, than in more obscure quarters ; and assuming 
every shade of conformity, from that which would be in keeping 
with the humblest hamlet and tamest landscape to the boldest fea- 
tures presented by Nature and Art: Simphcity and strength are its 
natural charactenstics ; all omament of detail being rejecled which 
is not of obvious Utility, and suitable to the point of view from 
which it must be seen ; as well as all attempts at boldness of gen- 
eral design which might give rise to a feeUng of insecurity, how- 
ever unfounded in reahty. The most, therefore, that can be tried 
in the way of mere omament, even under the most favorable cir- 
cumstances, will be to combine the voussoirs of the arches with 
the horizontal courses of the spandrels in a regulär and suitable 
manner,— :-to add a projecting comice, with supporting members^ 
if necessary, of an agreeable profile, — ^and to give such a form to 
the ends of the piers, termed the starling$,0T cuUwaterSy as shall 
heighten the general pleasing eflfect. The heads of the bridge^. 
the comice, and the parapet should also generally present an un- 
broken outline ; this, however, may be departed from in bridges 
where it is desirable to place recesses for seats, so as not to in- 
terfere with the footpaths ; in which case a piain buttress may be 
built above each starling to support the recess and its seats, the 
utihty of which will be obviou«, while it will give an appearance 
of additional strength when the height of the parapet above the 
starlings is at all considerable. 

562. Construction. The methods of laying the foundations 
of stmctures of stone, &;c., described under the article of Ma- 

27 
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scmry, being alike applicable to all structures which come uoder 
this denomination, tnere only remains to be added under this head 
whatever is peculiar to bridge-buildingf. Either of the methods 
refeired to may be employed in laying the foundations of the 
abutments and piers of a biidge, wmch, in the judgment of the 
engineer, may be most suited to the locality» and will be least 
ezpensive. As the foundations and their beds of the parts in 
question are greatly ezposed, from the action of the current both 
upon the soll around them and upon the materials used for their 
construction, the utmost precaution should be taken to secure 
them from damage, by giving to the foundation-bed an ample 
spread where the soll is at all yielding ; by selecting the most du- 
rable materials for the masonry of tliese {^rts ; andby employing 
some suitable means for securing the bd of the natural water- 
way aromid and between the piers from being removed by the 
cmrent. 

563. Various expedients haye been tried to effect this last ob- 
ject ; among the most simple and efficacious of which is that of 
covering the surface to be protected by a bed of stone broken into 
firagments of sufficient bulk to resist the velocity of the current 
in tne bays, if the soil is of an ordinaiy clayey mud ; but, if it be 
of loose sand or gravel, the surface should be first covered by a 
bed of tenacious day before the stone be thrown in. The voids 
between the blocks of stone, in time, become fiUed with a deposite 
of mud, which, acting as a cement, gives to the mass a character 
of great durability. 

564. The foundation courses of the piers should be fonned of 
heavy blocks of cut stone bonded in the most careful manner, 
and carried up in offsets. The faces of the piers should be of 
cut stone well bonded. They may be built either vertically, or 
with a slight batter. Their tnickness at the impost should be 
greater than what would be deemed sufficient under ordinary 
circumstances ; as they are exposed to the destructive action of 
the current, and of shocks from heavy floating bodies ; and from 
the loss of weight of the parts immersed, owing to the buoyant 
effoit of tlie water, their resistance is decreased. The most suc- 
cessful bridge architects have adopted the practice of making the 
thickness of the piers at the impost between one sixtli and one 
eighth of the span of the arch. The thickness of the piers of the 
bridge of Neuilly, near Paris, built by the celebrated Perronet, 
whose works form an epoch in modern bridge architecture, is 
only one ninth of the span, its arches also being remarkable for 
the boldness of their curve. 

565. The usual practice is to give to all the piers the same 
proportional thickness. It has however been recommended by 
some engineers to give sufficient thickness to a few of the pier? 
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to resist the horizontal thnist of the arche/s on either aide of them, 
and thus secure a part o^thfs structure fxom ruin, should an acd- 
\ient happen to any of the other piers. These masses, to which 
Üfe name abutment piers has been applied, would be objection- 
able from the diminution of the natural water-way that would be 
caused by their bulk, a:nd firom the additional cost for their con- 
struction, besides impairing the architectural effect of the struc- 
ture. They present the advantage, ^n addition to their mai^ 
object, of permitting the bridge to be constructed by sections, 
and thus procure an economy in the cost of the wooden centres 
for the arches. 

566. The projection of the starlings beyond the heads of the 
bridge, their form, and the height given to tnem above the sprin^;- 
ingunes, will depend upon local circumstances. As the main 
objects of the starlings are to form a/enJer, or gtcard to secure 
the maspnry of the spandrels, &c., from being damaged by float- 
ing bpdies, and to serve as a cut-water to tum the current aside, 
and prevent the formation of whirls, and their action on the bed 
around the foundations, the form given to them should subserve 
both these purposes. Of the different forms of horizontal section 
which have been given to starlings, (Figs. 107, 108, 109, 110,) 



Fig. 107. 



Fig. 106. 
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Fig. 109. 



Fig. 110. 
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FigB. 107, 108, and 110— Rep- 
resent horizontal sections 
of starlings A of the more 
nsual forms, and part of 
the pier B aboye the foun- 
dation courses. Fig. 109 
reprasents the plan of the 
hood of a starung laid in 
couises. the genenl shape 
being that of the quaiter 
of a sphere. 



the semi-ellipse, from experiments carefully made, with these ends 
in view, appears best to satisfy both objects. 

The up and down stream starlings, in tidal rivers not subject 
to freshets and ice, usually receive the same projections, which, 
when their plan is a semi-ellipse, must be somewnat greater than 
the semi-width of the pier. Their general vertical outline is 
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cdumnar, beinff eitfaer straight or swelled, (Figs. 111, 112, 113, 
114.) They äould be built as high.as the ordinary highest 




Füg. lll->Reprewiite in elevation stariinffB A, their hoodi B, the vocuBoin C, the q>aa- 
drels D, and the combination of their ooonei and jamti with each other in ai| oval 
arch of three ceotrea. 

S. parapet ; F, comice. 




Fig. lia^Reprannta in elevation the combinationi of the nme elemenfe as in Fig. 11 1 

for a flat aegmental arch. 




Fig. 113— Represents in elevation the combinations of the same elementa as in Fig. llS, 

from the midge of ^euilly. an oval of eleven centres. 
om, ciirve of intndos. 
an, aic of ciide traced on the head of the bridge. 
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Fig. 114— ReprenDts a 
oeetion and elevation throogb 
the crown of Fig. 113, ahow- 
ing the amuifement also af 
the roadway, toot-pathi, paf- 
apet, and coroioe. 



wäter-lerel. They are finished at top with a coping stone to 
preserve the luasonry from the action of rain, &c. : uiis stone, 
term^d the hood, may feceive a conical, a s{)heroidaI, or any 
other shape which will subserve the object in view, and produce 
a pleasing architectural efifect, in keeping with the locality. 

In streams subject to freshets and ice, the up stream 8tarlin|n 
should receive a greater projection than those down stream, and, 
moreorer, be built in the fonn of an inclined plane (Fig. 115) 

M 



B 




N 



Flg. ll!^Re|iraseiito a aide ela- 
Tation M and plan N of a piar 
of the Potomao aqueduct, ar- 
ranged with an ice-fareakiBr 
stanmg. 

A| up-flfiream stariing, with the 
inclined ioe-breaker D wfaioh 
rises fh»n the low-water level 
above that of the highest fteih- 
ets. 

B, down-fltream staiüng. 

C, faoeofpier. 
E^ topofpier. 

F^ horizontal pn^ection of top of 

loe-breaker. 
GG, horizontal pn^ectidn of f#OM 

Ol pier and itarhnga. 




to facilitate the breaking of the ice, and its passage through the 
arches. 

567. Where the banks of a water-course spanned by a bridge 
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are so steep and difficult of access ^at the roadway must be 
laised to the same level with iheir crests, security for rae founda- 
tion, and economy in the conBtniction demand that hollow, or 
openpieri be used instead of a aoHd maaa of masoEry, A con- 
Btniction of this kind requires sreat precaution. The facing 
coiirsee of the piere muat be of heavy blocks dressed wilh ex- 
ireme accuracy. Tbe starlinga must be built solid. The faces 
liluBt be connected by one or more cross tie-walls of heavy, well- 
bonded blocks ; the tie-walla being connected from diatance to 
diatance vertically by streng tie-blocka ; or, if the width of the 
pier be considerable, by a üe-wall along ita centre line. 

568. The foundationa, tfae dimenaions, and tbe fonn of äie. 
abutmenta of a bridge will be regulated upon the aame piinciplea 
SB the like parts of other arched structurea ; a judicioua con- 
foimity to the character of strength demanded by the alnicture, 
and to the requirementa of the localily being obaerved. Tbe 
walla which at the extremities of the bridge form the con- 
tinuation of the heada, and suatain the embankments of the ap- 
proachea, — and which, from their widening out bom the generäl 
nne of the heads, so as to fonn a gradnal contraction of the 
avenue by which the bridge ta approached, are tenned the wing- 
walls, — seire aa ürm buttreases to the abutmenta. fn some cases 
die back of the abutment is tenninated by a cylindrical arch, 
(Hg. 116,) placed on end, or having its rignt-line elementa ver- 



Fic.ll«-H«mmilia 
M au abofmtat A ' 



tal atKttion itf sd ■biSiiMnt 
A with itnigfat winE-iralk 
B, B, tommutod br letum- 
waDiCC. 
D, ceolral bottlBM. 



tical, which connecta the two wing-walla. In othets (Fig. U7) 
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a mctMinilai'Bb&ped buttre» U boilt back &om tke centra Une 
of the abutment, and is connected with the wing-wallfl eithct bjr ' 
horizontal arches, or by a veitical ctosh tie-wall. 

569. The wing-walls may be either plane surface walls (Fig- 
118) arranged to make a given angle witn the heads of the bridge ; 



^. llB-ReimnBti an ehratii» M ü>d plan N 
of a Portion of • fiii|lB steh bridge with liniRht 

irius-walla nuttüimig an embaükment «i 

the TBÜey rf the w- 

o, «|, fBoeqfw: 



or they may be curved sur&ce-'walls presenting iheir coDcaTiQri 
(Fig. 136,) or their convexity to the exterior; or of any oäier 
ehape, whether presenting a continubuB, or a bioken Burface, that 
the locality may dem&nd. Their dimensiooB and form of profile 
will be regulaied like thoae of any other sustaining wall ; and 
they receive a suitable finish at top to connect them with the 
briage, and make them confonn to tlie outline of the embank- 
menta, or other appioaches. 

570. The arches of biidge« demand great care in proportion- 
ing the dimensions of the vouBsoirs, and procuring accuracy in 
their forms, as the atrength of the Btnicture, and the permanence 
of itB ligmre, will chiefiy depend upon the attention bestowed on 
tbese pointfl. Pecuhar care should be giTen in arranging the 
maBoniy abore ^e pierB which lies between the two adjacent 
archee. In some of the more recent bridges, (Fig. 120,) this pan 
is built up solid but a short distance above the imposts, generally 
not higher than a iburth of the rite, and is finished with a rercraad 
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aich to give greaur Mcority againtt tfae effecto of the [»«uuie 
thiown upoQ it. 



A, flukh of aolid iiauidnl with nvand u_... 

B, wedgfl afitoikuiE plUe*. 

C, recoa OTer Ihc uanlngs Rir teUa. 

The backs of the arches ahould be covered with a water-tight 
capping of beton, and a coating of asphaltum. 

571. The entire spandrel courses of the heads sre usually not 
laid until the arches have been uncentred, anc) hare settled, in 
Order that the ioints of these couraeB may not be subject to any 
other cause of displacement than what may aiise from the effectB 
of TBTiationB of temperature upon the arches. The thickness of 
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die head'Walls will depend upon the method adopted for BUpport- 
ing the roadway. If this be by a filling of eanh between the 
head-walU, ihen theii ihickneas nrnst be calculated not only to 
resist the pressure of the earth which they sustain, but allowance 
must also De made for the effects of the shocks of floating bodies 
in weakening the bond, and aeparating the blocke from their mor- 
tar-bed. The more approved methods of supporting the roadway, 
and which are now generally practised, except for very flat segment 
arches, are to lay tne load materials either upon broad flagging 
stones, (Figs. 120, 121,) which rest upon thin brick walk built 
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parallel to the head-wallg, and supported by the piers and aiches ; 
or by amall arches, ^Fig. 122,) for which these walla serre as 
piers ; or by a syatem of small groined arches supported by 
pillars reBting upon the piers and main arches. When either or 
theae methodB is used, flae head-walls may receive a mean ^ick- 
ness of one lifth of their height above the solid spandrel. 

572. Superstructure. The superstnicture of a bridge consists 
of a comice, the roadway and footpaths, &c., and a parapet. 

The object of the cornice is to shelter the face of the head- 
walls from rain. To subserve this puipose, its projcction beyond 
the sufface to be sheltered should be the greater as the altitude 
of the sheltered part is the more considerable. This rule wi'l 
require a comice with supporting blocks, (Fig. 123,) termed mo- 
dülions, below it, whenever the projecting part would be actually, 
or might seem insecure Irom its weignt. The height of the 
comce, including its suppoits, should generally be equal to its 
projections ; this will offen require more or less of detail in the 
profile Ol the comice, in order that it may not appear heavy. The 
top surface of the comice should be a little aoore that of the 
28 



footpath, OT roadway, and be sligfally eloped oatwwrd ; the bot- 
tom sfaould be arranged wHh a soitable utnuier, or drip, to pie- 
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673. The parapet suimounts the comice, and should be high 
enough to secure yehicles and foot-passengers from accidents, 
without however intercepting the view from the bridge. The 
panipet is usually a piain low wall of cut stone, surmounted by 
a coping sUghtly rounded on its top surface. In bridgea whicb 



have a character of lightness, like those with flat segment arches, 
the parapet may consist of altemate panels of piain wall and 
balustrades, provided this aiirangement be otherwise in keeping 
witii the locauity. The exterior face of the parapet should not 

Sffoject beyond that of the heads. The blocks of which it is 
bnned, and particularly those of the coping, should be fiimly 
secured with copper or iron. cramps. 

Ö74. The wiaui of the roadway and of the. footpaths will be 
regulated by the locality ; being greatest where the thoroughfares 
connected by the bridge are most frequented. They are made 
either of broken, or of paving stone. They should be so arranged 
that the surface-water from rain shall run quickly into the side 
Channels left to receive it, and be conducted from tnence by pipes 
which lead to vertical conduits (Fig. 121) in the piers that have 
their outlets in one of the faces of the piers, and below the lowest 
water-level. 

575. Streng and durable stone, dressed witli the chisel, or 
hammer, should alone be used for thö masonry of bridges where 
the Span of the arches exceeds fiÄy feet. The interior of the 
piers, and the backing of the abutments and head-walls may, for 
economy, be of good nibble, provided great attention be bestowed 
upon the bond and workmanship. For medium and small spans 
a mixed masonry of dressed stone and nibble, or brick, may be 
used ; and, in some cases, brick alone. In all these cases (Figs. 
122, 124) the starlings, — ^the foundatioh courses, — the impost 
stone,: — ^the ring courses, at least of the heads, — ^and the key- 
stone, should be of good dressed stone. The remainder may be 
of coursed rubble, or of the best brick, for the facing, with good 
nibble ör brick for the fiUings and backings. In a nlixed masonry 
of this character the courses of dressed stone may prsject slight- 
ly beyond the surfaces of the rest of the structure. The archi- 
tectural efifect of this arrangement is in some degree pleasing, 
pftrticularly when die joints are chamfered ; and the m^thod in 
obviously useful in structures of this kind, as protection is at 
forded by it to the surfaces which, from the nature of the mate- 
rial, or tne character of the work, ofFer the least resistance to the 
destnictftYe action of floating bodies. Hydraulic mortar should 
alone be used in every part of the masonry of bridges. 

576. Approaches. The arrang^nent of the appi^aches will 
depend upon the number and direction of the avenues leading to 
the bridge, — ^the widih of the avenues, and their position above 
or below the- natural surface of the ground, — ^and the locality. 
The principal points to be kept in view in their arrangement are 
to procure an easy and safe access to the bridge for yenicles, and 
not to obstruct unnecessarily the Channels, for purposes of oavi« 
gation, which may be requisite under the extreme arches. 
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When the avenue to the bridge is, by an embankment, in the 
same liDe ae its axis, and the roadway and bridge are of the same 
width, the head-walls of the bridge (Fig. 125) may be prol<»ieed 
eufficienüy far to allow the foot of the embankment slope to fall 
withia a iew feet of the crest of the slope of the water-course ; 
this portion of the embankment dope being shaped into the form 
of a quarter of a cone, and reveted 'with dry Btone or sods, to pre- 
serve ita surface from the action of rain. 

When Bereral avenues meet at a bridge, or where the width 
of the loadway of a direct avenue is greater thaa that of the 
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bridge, the approacheg are made by gradually widening the ont- 
let nom the bndge, imtil U attains the requisite width, by means of 
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wing-walls of any of the iisual forms that may suit the locality. 
The form öf wins-wall (Fig. 126) presenting a concave siuface 
outwaid is usuuly preferred, when suited to the locali^, both 



A, ftont View of wiui-wall. 

B, B'i (lope tf embankment. 



for its architectural eSect and its atrength. When made of 
dressed stone it is of more difficult cor-struction and more expen- 
■ire than die plane surface wall. 
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In Order that the approaches may not obstruct tfae communica- 
tions along the banks lor the purposes of navigation, an arched 
passage-way will, in most cases, De requisite under the roadway 
of the approach and behind the abutment of the extreme arch, 
for horses, and, if necessary, vehicles. When the form of the 
arch will admitof it, as in flat segment arches, a roadway, pro- 
jectinff beyond the face of the abutment, may be made under the 
arch for the same purpose. 

577. Water-wings, To secure the natural banks near the 
bridge, and the foundations of the abutments from the action of 
the current, a facing of dry stone, or of masonry, should be laid 
upon the slope of the banks, which should be properly prepared 
to receive it, and the foot of the facing must be secured by 
a mass of loose stone blocks spread over the bed around it, in 
addition to which a line of square-jointed piles may be previously 
driven along the foot. When the face ot the abutment projects 
beyond the natural banks, an embankment faced with stone 
should be formed connecting the face with points on the natural 
banks above and below the bridge. By this arrangement, termed 
the water-wingSf the natural water-way will be gradually con- 
tracted to conform to that left by the bridge. 

578. Enlargement of Water-way, In the fiiU centre and oval 
arches, when the springing lines are placed low, the sp^drels 
present a considerable surface and obstruction to the current 
during the higher stages of the water. This not only endangers 
the safety of the bridge, by the accumulation of drift-wood and 
ice which it occasions, but, during these epochs, gives a heavy 
appearance to the structure. To remedy Üiese defects the solid 
angle, formed by the heads and the somt of the arch, may be 
truncated, the base of the cuneiform-shaped mass taken away 
being near the springing lines of the arch, and its apex near the 
crown, The form of the detached mass may be variously ar- 
ranged. In the bridge of NeuiUy, which is one of the first where 
this expedient was resorted to, the surface, marked F, (Figs. 113, 
114,) ]eft by detaching the mass in question, is warped, and lies 
between two plane curves, the one an arc of a circle no, traced 
on the head of the bridge, the olher an oval moop, traced on the 
soffit of the arch. This afFords a funnel-shaped water-way to 
each arch, and, during high water, gives a light appearance to the 
structure, as the voussoirs of the head ring-course have then the 
appearance of belonging to a flat segmental arch. 

579. Centres. The framing of centres, and the arrangement 
for striking them, having been already fuUy explained under the 
article Framing, with illustrations taken irom some of the most 
celebrated recent structures, nothing farther need be here added 
than to point out the necessity of great care both in the combi- 
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nation of the firame> and in its mecbanical ezecution, in order to 
prevent any change in the form of the arch while under construc- 
tion. The English engineere have generally been more succesa- 
ful in this respect than the Frencn. The latter, in several of 
their finest bridg^s, used a form of centre composed of several 
polygonal frames, with short eides, so inscribed within each other 
that the angles of the one corresponded to the middle of the sides 
of the other. The sides of each frame were united by joints, and 
the series of firames secured in their respective positions by ra- 
dial pieces, in pairs, notched upon and bolted to the frames, which 
they clamped between them. A combin^tion of this character 
can preserve is form only under an equable pressure distributed 
over the back of the exterior polvgon. When applied to the or- 
dinary circumstances attending the construction of an arch, it is 
foima to undergo successive changes of shape, as the voussoirs 
are laid on it ; rising first at the crown, and then yielding at the 
same point when the key-stone and the adjacent ypussoirs are 
laid on. The English engineers have generally selected those 
combinations in which, the pressures being transmitted directly 
to fixed points of support, nc change of form can take place in 
tbe centre but what arises from the contraction or elongation of 
the parts of the frame. 

580. General Remarks. The architecture of stone bridges has, 
within a somewhat recent period, been carried to a very high de- 
gree of perfection, both in design and in mechanical execution. 
France, in this respect, has given an example to the world, and has 
found worthy rivals in the rest of Europe, and particularly in Great 
Britain. Her territory is dotted over with innumerable fuie monu- 
ments of this character, which attest her solicitude as well for the 
public welfare as for the advancement of the industrial and liberal 
arts. For her progress in this branch of architecture, France is main- 
ly indebted to her School and her Corps of Fonts et Chaussies ; 
institutions which, from the time of her celebrated engineer Per- 
ronet, have supplied her with a long line of names, ahke eminent 
in the sciences and arts which pertain to the profession of the 
engineer. 

England, although on some points of mechanical skill pertain- 
ing to the engineer's art the superior of France, holds the second 
rank to her in the science of her engineers. Without establish- 
ments for professional training corresponding to those of France, 
the Enghsn engineers, as a body, have, until within a few years, 
labored under the disadvantage of hating none of tho^e institu 
tions which, by creating a common bond of union, serve not only 
to diflfuse science throughout the whole body, but to raise merit 
to its proper level, and frown down alike, through an enlightened 
esprit de corps, the assumptions of ignorant pretension, and the 
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malevolence of petty jealousies. Although, as a body, less ad- 
Tantageously placed, in these respects, thsoi their more thorough- 
bred brethren of France, the engineers of England can point^ 
with a just feelin^ of pride, not only to the monnments of their 
skill, but to individual names among them which, achiered under 
the peculiar obstacles ever attendant upon self-education, yet 
stana in the first rank of those by whose genius the industrial arts 
have been advanced and ennobled. 

The other European States have also contributed largely to 
bridge architecture, although their efiforts in this Une are less 
widely known through their pubUcations than those of France 
and England. Among the many brid^es belongiiig to Italy, may 
be justly cited the far-famed JRta/to; 3ie bridge of Santa Trinita 
at Florence, the curve of whose intrados was so long a mathe- 
matical puzzle ; and the recent single arch overthe Dora Riparia 
near Turin. 

In the United States, the pressing inunediate wants of a young 
people, who are still without that accumulated capital by which 
alone great and lasting public monuments can be raised, have pre- 
vented much being done, in bridge building, except of a temporaiy 
character. The bridges, viaducts, and aqueducts of stone in Qur 
country, almost without an exception, have oeen built of rustic work 
through economical considerations. The selection of this kind df 
masonry, independently of its cheapness, has the merit of appro- 
priateness, when taken in connection with the natural features of 
the locaUties where most of these structures are placed. Among 
the works of this class, may be cited the railroad bridge, called the 
Thomas Viaduct, over the Fatapsco, on the line of the Baltimore 
and Washington railroad, designed and built by Mr. B. H. Latrobe, 
the engineer of the road. This is one of the few exislinff bridge 
structures with a curved axis. The engineer has very nappily 
met the double difficulty before him, of being obliged to adopt a 
curved axis, and of the want of workmen suflSciently conversant 
with the application of working drawings of a rather compli- 
cated character, by placing füll centre cylindrical arches upon 
piers with a trapezoidal horizontal section. This structure, with 
the exception of some minor details in rather questionable taste, 
as the sljght iron parapet railing, for example, presents an impo- 
sing aspect, and does great credit to the intelligence and skill of 
the engineer, at the time of its construction, but recently launched 
in a new career. The fine single arch, known as the Carrolton 
Viaduct, on the Baltimore and Ohio railroad, is also highly credit- 
able to the science and skill of the engineer and mechanics under 
whom it was raised. One of the largest bridges of the United 
States, designed and partly executed in stone, is the Potomac 
Aqueduct at Georgetown, where the Chesapeake and Ohio canal 
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intersects the Potomac river. This work, to which a woodcn 
superstmcture has been made, was built under the soperintend- 
ence of Captain TumbuU of the U. S. 'f opographical Engineers. 
In the published narrative of the progress of this work, a very fall 
account is given of all the Operations, in which, while the re- 
sources and skill of the engineer, in a very difficult and, to him, 
untricd application of his art, are. left to be gatheredby the reader 
from the succ^ssful termination of the undertaking, his failures 
are stated with a candor alike creditable to the man, and worthy 
of imitation by every engineer who prizes the advancement of his 
art above that personal reputation which a less truthfal course 
may place in prospect before him. 

581. The foUowing table contains a summary of the principal 
details of sonae of the more noted stone bridges of Europe. 
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(A) This fine structure, designed and built by the celebrated 
Perronet, forms an epoch in bridge architecture, from the bold- 
ness of its design, its skilful mechanical execution, and the simple 
but appropriate character of its architectural details. The curve 
of the intrados is an oval of eleven centres, the radius of the are 
at the spring being 20.9 feet, and that of the are at the crown 
159.1 feet. The engineer conceived the idea of giving to the 
söffit a funnel shape, by widening it at the heads, from the crown 
to the springing line. This he effected by connecting the soffit 
of each arch and the heads by a warped surface, which passed, 
on the one band, through a flat circular are, described upon the 
heads through the points of the crown and the top of the two ad- 
jacent starlings, and, on the other, through two curres on the 
soffit, cut out by two vertical planes, oblique to the axis, passed 
through the highest point of the curve on the heads, and through 
points on the two respective springing lines of the arch. The ob- 
ject of this arransement was twofold ; first, — as the springing lines 
were placed at the low-water level, the bridge, during the seasons 

29 
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of high water, would hare appeared rather heavy, as the greater 
part of the soffit, at this period, would have been uAder water, — 
it gave the bridge a lighter appearance durinff the epochs of hoA 
water ; and, second, as the obstruction to the free flow of the 
water from the spandrels would be very considerable at the same 
periods, the fuimel form giyen to the soffit at the heads partially 
remedied this inconrenience. . 

The axis df the roadway, the comice, and all the correspond- 
ing architectural lines were made horizontal, a feature in bridge 
architecture which the reputation of Perronet has since rendereid 
classical ; and to obtain which points truly essential conditioos 
have in some more recent structures been sacrificed. 

The abutments are 32 feet thick at the springing lines, and the 
piers but 13.8 feet at the same point, giving an ezample of judi- 
cious boldness combined with adequate strength, on scientific 
principles, which had been partially lost sight of by preceding en- 
gineers in designing this part of bridges. ' 

The centres of the muilly bridge were designed upon the 
faulty principle of concentric polraonal frames. Perronet was 
aware of the inconveniences of tnis combination, and in no pait 
of the construction of the bridge than in this was more sagacious 
forethought displayed by him, in providing for foreseen contingen- 
cies, nor greater resources and skill in remedying those which 
could not have been anticipated. An oversight, rather more 
serious in its consequences, was committed in widening the natu- 
ral water-way of the river where the bridge was erected ; the 
effect of this has been a gradual deposition near Üie bridge, and 
an obstruction of the navigable Channels. 

The bridffe of Neuilly is a noble monument of the genius and 
practical skul of its engmeer. The style of its architecture, both 
as a whole and in its sereral parts, is imposing and in the best 
taste. 

(B) This bridge was built after the designs of Perronet. Se- 
duced by a thorough knowledge of the capabilities of his art, the 
engineer was led, in planning this structure, into the error of 
sacrificing apparent strength, for the purpose of producing great 
boldness and lightness of desi^. This he effected by placing 
very flat segment arches upon piers formed of four columns ; the 
two, forming the starlings, bein^ united to the two adjacent by a 
connecting wall, an interval bemg left between the two centre 
columns. The diameters of the columns are 9.6 feet, with the 
same interval between tliem. 

The engineer who constructed the bridge, apprehensive appa- 
rently for its safety, introduced into the courses of the piers and 
of the arches a large quantity of iron ties and cratnping pieces, a 
measure of orecaution whicn, if necessary, ought to have con- 
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demned the original designs, althouffh supported by the hieb 
authority of Perronet, and caused others to be substituted tot 
them. 

(C) This bridge, now designated as the Pont de VEcoh Mili- 
taire, firom its locality, and the bridge of Rouen^ are built upon 
nearly the same designs. The former is a model of architectural 
taste and of skilful workmanship. Its horizontal architectural 
lines, its fine comice, copied firom that of the temple of Mars the 
AvengcTy and the sculptured wreath on its spandrels, form a 
whole of Singular beauty. 

(D) This bridge, designated when first built as the Strand 
Bridge^ is worthy of the great metropolis in which it is placed. 
The engineer, innuenced perhaps by other examples of die same 
character in the vicinity of this structure, has placed small col- 
umns upoa the starlings, which suppoh recesses with seats for 
foot-passengers, and has thus, in no inconsiderable degree, de- 
prived the bridge of that imposing character which its massive- 
ness, and the excellent material of which it is built, could not 
otherwise have faiied to produce. 

(E) This fine elUptical arch is, in some respects, bmlt in imi* 
tation of the Neuilly oridge, with a funnel-shaped soffit. Its gen- 
eral architectural enect is heavy, and its mere omamental parts 
are in questionable taste. The details of its construction are 
alike monuments of the eminent professional skill, and of the 
truthfulness of character of the great engineer whoplanned and 
superintended it. In his narratiye of the work, Mr. Telford t^es 
blame to himself for oversights and unanticipated results, in which 
the scrupulous care that he conscientiously brought to every un- 
dertaking committed to him is unwittingly thfown into bolder 
relief, by the yery confession of his fedlures ; and a lesson of in- 
struction is conyeyed, more premant with important consequences 
to the advancemeht of his pröfession than the recording of hun- 
dreds of suCcessful instances only could have fumished. 

(F) This noble work of Sir Jonn Rennie must erer rank among 
the master-pieces of bridge architecture, in every point by which 
this class oi structures snould be distinguished. For boldness, 
strength, simplicity, massiveness without heaviness, and a bappy 
adaptation of design to the locality, it Stands unriralled. The 
beauty which is generally recognised in a leyel bridge has, in 
this, been judiciously sacrificed to a well-judged economy ; and 
the artificial approaches have thus been accommodated to the 
existing, by decreasing the dimensions of the arches from the 
centre to the two extremities. The Square piain buttresses, 
which rise above the starUngs and support the recesses for seats, 
are of farther obvious Utility in strengthening the head-walls, 
which, at these points^ are of considerable hei^t ; and they also 
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prtidiice, in this case, a not unpleasing architectural effect, in 
•epaiating tbe nnequal arches, without impairing the unity of the 
general design. 

(G) This is the boldest Single arch of stonenow Standing, and 
is a splendid ezample of architectural design and skilful worlunan- 
sfaip. The soffit of the arch is made slightly funnel-shaped, which 
gives the bridge an air of almost too great boldness. Tne comice, 
which is copied from the same model as that of the bridge of 
Jena ; the conrex cylindrical-shaped wing-walls, which give an 
approach of 144 feet between the parapets ; with the other archi- 
tectural accessories, hare made this bnd^ a model of good taste 
(ar imitation under like circumstances. From the Omission of a 
ttsual architectural member, there is perhaps a slight feeling of 
nakedness poduced on the mind of tne rigid connoisseur in art, 
(m first seemff this structure, and its beauty is in some degree 
marred by this want. 

The abutments of this bridge are 40 feet thick at the founda- 
tions, andy besides the wing-walls, are strengthened by two coun- 
terforts 20 feet long and 10 feet wide. 

(H) The span of this arch is the widest on record. For 
architectural effect this bridge presents but little to the eye that 
is commendable ; for this tne engineer who superintended it is 
hardly responsible, except so far as, from professional sympathy 
and respect for a deceased member of the profession, he was led 
to adopt the designs of another. The abutments form' a continua- 
tion of the arch ; and the other details of the construction through- 
out exhibit that thorough acquaintance with their art for which 
the Hartleys, father and son, are well known to the profession. 

582. The practice of bridge building is now generally the same 
throughout tne civilized world. In France, the method of laying 
the foundations by Caissons has, in most of their later works, oeen 
preferred by her engineers to that of coifer-dams ; and in the su- 
perstructure of their bridges the French engineers have generally 
filled in, be.tween the arches and the roadway, with solid material. 
In some of these bridges, as in that of Bordeaux^ where appre- 
hension was feit for the stability of the piling, a mixed masonry 
of stone and brick was used, and the roadway was supported by 
a System of light-groined arches of brick. Among the recent 
French bridges, presenting some interesting features in their con- 
struction, may be cited that of Souillac over the Dordogne. The 
river at this place having a torrent-like character, and the bed 
being of lime-stone rock with a very uneven surface, and occa- 
sicmal deep fissures filled with sand and gravel, the obstacle to 
using either the caisson, or the ordinary cofTer-dam for the foun- 
dations^ was very great. The engineer, M. Vicat, so well known 
by bis researches^ upon mortar, &c.^ devised, to obviate these 
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difficulties, the plan of enclosing the area of each pier by a coffer- 
work accurately fitted to the surface of the bed, and of filling this 
with beton to form a bed for the foiindation courses. This he 
effected, by first forming a frame-work of heavy timber, so ar- 
ranged that thick sheeting-piles could be driven close to the bot- 
tom, between its horizontal pieces, and form a well-jointed yessel 
to contain the semi-fluid material for the bed. After this coffer- 
wofk was placed, the loose sand and gravel was scooped from 
the bottom, the asperities of the surface levelled, and the fissures 
were Toided, and refilled with fragments of a soft stone, which it 
was found could be more compactly settled, by ramming, in the 
fissures, than a looser tod rounder material like gravel. On this 
prepared surface, the bed of beton, which was fi'om 12 to 15 feet 
in tnickness, was gradually raised, by successiye layers, to with- 
in a few feet of the low-water level, and the stone superstructure 
then laid upon it, by using an ordinary coffer-dam tmit rested on 
the frame-work around me bed. In this bridge, as in that of 
Bordeaux, a proTisional trial-weight, greater than the permanent 
load, was laid upon the bed, before commencing the superstruc- 
tu?re. 

To give greater security to their foundations, the French usually 
Surround them with a mass of loose stone blocks thrown in and 
allowed to find their. own bed. Where pües are used^and pro* 
ject some height above the bottom, they, in some cases, use, be* 
sides the loose stone, a giating of heavy timber, which lies between 
and endoses the pihng, to give it greater stiffiiess and prevent 
outward spreading. In streams of a torrent chamcter, where the 
bed is Uable to be wom away, or shifted, an artificial covering, 
or apron of stone laid in mortar» has, in some cases, been used, 
both under the arches and above and below the bridge, as fiEur as 
the bed seemed to require this protection. At the bridge of Bor- 
deaux loose stone was spread ov^ the riVer-bed between the 
piers, and it has been found to answer perfectly the object of the 
engineer, the blocks having, in a few years, become united into a 
firm mass by the clayey sediment of the river depusited in their 
inlerstices. At the elegant cast-iron bridge, built over the Lary 
near Plymouth, resort was had to a similar plan for securing the 
bed, which is of shifting sand. The engineer, Mr. Rendel, here 
laid, in the first place, a bed of compact clay upon the sand bed 
between the piers, and imbedded in it loose stone. This method, 
which for its economy is worthy of note, has fiilly answered the 
expectations of the engineer. 

The English enffineers have greatly improved the method of 
centring, and, in their boldest arches^ any setthng approaching 
that which the French engineers usually counted upon, on striking 
their centres, would now be regarded as an evidence of great de- 
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fect in the design, or of very onskilfiil woikmuiship. They 
have generally, in their recent bridges, suppoited their roadway 
either upon mX stanes, resdng on light walls bullt parallel to the 
heads, or eise upon light cylindrical arches laid upon piers having 
the same direction. In the preparation for laying the oeds of their 
foundations, they hare generafly preferred the coffer-dam to any 
other plan, alüiough in many locaUties the most eiqpensive, on 
account of the greater facility and security offered by it for carry- 
ing on the work. They have not, until recently, made as exten- 
sive an application of beton as the French for hydrauUc purposes, 
and, firom navinff mostly used what is known as concrete among 
their architects, have met with some signal failures in its employ- 
ment for these puiposes. 

WOODEN BRIDGES. 

583. A wooden bridge consists of three essential parts : Ist, 
the abutments and piers which form the points of support for 
the bridge frame ; 2d, the bridge frame which Supports the su- 
perstructure between the piers and abutment; da, the super- 
structure, consisting of the roadway, parapets, roofing, &c. 

584. The abutments and piers may be either of stone, or of 
timber. Stone Supports are preferable to those of timber, both 
on account of the superior diorability of stone, and of its offering 
more security than firames of timber against the accidents to 
which the piers of bridges are liable from fireshets, ice, &c. 

585. The forms, dimensions, and construction of stone abut« 
ments and piers for wooden bridges will depend, like those for 
stone bridges, upon local circumstances, ana the kind of bridge- 
frame adopted. If the bridge-frame is so arranged that no lateral 
jdirust is receiyed from it by the piers, the dimensions of the latter 
«hould be regulated to support the weight of the bridge-frame 
and its superstructure, and to resist any action arising from acci- 
dental causes, as fireshets, ice, &c. The forms and dimen- 
sions of the abutments, under the like circumstances, will be 
mainly regulated by the pressure upon them from the embank- 
ments of the approaches. 

586. If the bridge-frame is of a form that exerts a lateral 
pressure, the dimensions of the abutments and pjers must be suit- 
ably adapted to resist this action, and secure the supports from 
being overtumed. Abutment-plers may be used with advantage 
in this case, as offering more security to the structure than sim- 
ple piers, when a frame between any two supports may require 
to be taken out for repairs. The starlings should in all cases be 
carried above the line of the highest water-level, and the portion 
of the pier aboye this line, which supports the roadway bearers, 
may be bullt with plane faces and ends. 
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687. Wooden abutments may be formed by constructing wlut 
is tenned a crih-work, which consists of large pieces of sqUQie 
timber laid horizontally upon each other, to form tbe upri^t, or 
sloping faces of the abiftment. These pieces are halved inte each 
other at the angles, and are otherwise firmly connected togeüier 
by diagonal ties and iron bolts. The space enclosed by the crib- 
woi^, which is usually buüt up in the manner just desciibed, only 
on three sides, is filled with earth carefully rammed, ot witb diy 
stone, aB circumBtances may seem to require. 

A wooden abutment of a more economical conatruction may 
be made, by partly imbedding laige beams of timber placed in a 
vertical or an inclined position, at interrals of a few feet from 
each other, and forming a facing of thick plank to sustain the 
earth behind the abutment. Wooden piers may also be made 
according to eilher of the methods here taid down, and be filled 
with loose stone, to give them sufficient stabihty to resist the 
forces to which they may be exposed ;' but the metdod is clumsy, 
and inferior, midei every point of view, to stone pien, or to the 
tnetbods which are abont to be ezplained. 

588. The simpleat arrangement of a wooden pier consists 
(Fig. 137) in driving heary Square or round pües in a Single 
row, pladng them from two to four feet apart. These upnght 
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raeces aie «awed eff lerel, asd connected at top by a horizcHital 
DeaCQ) termed a cop, which is either mortised to leceive a tenon 
macie in each upright, or eise is fastened to the uprights by bolts 
or pins. Other pieces, which are notchedand bolted in pairs on 
the bides of the uprights, are phiced in an inclined, or oiagonal 
Position, to biace the whole System finnly. The several uprights 
of Üie pier are placed in the durection of the thread of the cuii^nt. 
If thouffht necessary, two horizontal beams, arranged like the 
diagonal pieces, may be added to the System just below the lowest 
water-level. In a pier of this kind, the place of the starlings is 
supplied by two incUned beams on the same line with the up- 
ri^ts, which are termed /cncfer-fteaiyw. 

589. A streng objection to the System just described, arises 
from the difficulty of replacing the uprights when in a State 
of decay. To remedy this defect, it has been proposed to drive 
large piles in the positions to be occupied by tne uprights, (Fig. 
128,) to connect these piles below the low-water ievel by four 
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horizontal beams, finnly fastened to the heads of the piles, 
which are sawed off at a proper height to receire the horizontal 
beams. The two top beams have lai^ squäre mortises to re- 
ceive th^ ends of the uprights, which rest on those of the piles. 
The rest of the system may be constructed as in the former case. 
By this arrangement the uprights, when decayed, can be readily 
replaced, and they rest on a solid substructure not subject to de- 
cay ; shorter timber also can be used for the piers than when the 
uprights are driven into the bed of the stream. 

590. In deep water, and especially in a rapid current, a single 
row of piles might prove insufficient to give stability to the up- 
rights ; and it has therefore been proposed to give a sufficient 
spres^ to the substructure to admit ot bracing the uprights by struts 
on the two sides. To effect this, three piles (Fig. 129) should 
be driven for each upright ; one just under its position, and the 
other two on each side of this, on a line perpenmcular to that of 
the pier. The distance between the three piles will dopend on 
the inclination and length that it may be deemed necesfisry to 
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give the ätruts. The heads of the three pilea are sawed off level 
and, connected by two horizontal clamping piecea below the low- 



Fig. 1B9— Hera 
KHUidiUion Ibi 

i, i, pUeBof Ihe fouDdation. 



j — --^ — löHü '- ^ — I . 



est water. A Square mortise is left in these two piecea, over the 
middle pile, to receive the uprights. The uprighta are fastened 
together at the bottom by two clamping pieces, which rest *on 
those that clamp the heads of the piles, and are rendered firmer 
by the two stnits. 

591. In locaUties where pUes cannot be driven, the uprights 
of the piers may be secured to the bottom by means of a grating, 
arraneed in a suitable manner to receive the ends of the uprights. 
The bed, on which the graling is to rest, having been suitably 
prepared, it is Üoated to its posilion, and sunk either before or 
after ihe uprights are fastened to it, as may be found most con- 
venient. The grating is retained in ite place by loose etone. 
As a farther security for the piers, the uprights may be coyered 
by a sheathing of boards, and the Spaces between Uie sheathing 
be fiUed in with gravel. Wooden piers may also be constnicted, 
if necessary, of two parallel rows of uprights placed a few feet 
apart, and connected by crosa and diagonal ties and braces. 

592. As wooden piers are not of a suitable form to resist heavy 
shocks, ice-breakera Bhould be placed in the stream, opposite to 
each pier, and at Bome distance &om it. In streams witn a gen- 
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Üe current, a simple inclmed beam (Fig. 130) covered with thick 
sheet iron, and supported by uprights and diagonal piecea, will 
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be all that is necessary for an ice-breaker. But in rapid cnnents 
a crib-work, haring the fonn of a triangulär pynunid, (Fig. 131,) 
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the up-stream odge of which is covered with iron, will be re- 
quirea, to ofier sufficient resistance to abocks. Tbe crib-work 
may be filled in, if it he deemed advisable, with btocks of stone. 

593. The ividth of the bays in wooden bridges will depend on 
the local circumstances. As a genera) rule, the bays may be 
wider, and in bridge-framea of curved timber the rise less, than 
in Btone bridges. In arranging thie point, the engineer must take 
into consideration the fact that wooden bridges require mofe bt- 
quent repairs than those of Btone, arising from tlie decay of the 
material, and from the effects of shrinking and vibrations upon 
the jointB of the frames, and that the difficulty of replacing de- 
cayed parts, and readjusting the frame-work, increases rapidly 
with the apan, 

594. Bridge-frames may be divided into two general classes. 
To the one belong all those combinations, whether of straight or 
of curved timber, that exert a lateral pressure upon the abutments 
and piers, and in which the Euperstructure is generally above tbe 
bridge-frame. To the other, Uiose combinations which eiert no 
lateral pressure upon the points of support, and in which the road- 
way. &c. may be said to be suspended from the bridge-frame. 

595. Any of the combinations, whether of straight, or of curred 
timber, described under the head of Framing, may be uaed for 
bridges, according to the width of bay selected. A preference, 
within late years, has been generally given by enrineers to com- 
binations of straight timber oTer curved frames, from the greater 
simplicity and lacility of their construction, as well as their 
greater economy ; as curved frames lequire much more iron in 
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the fonn of bolts, ties, &c., than firames of straight timber, and 
more costly mechanical contrivances for putting the parts together, 
and settinff the firame 'upon its supports. 

596. The number of ribs in tne bridge-frame w91 depend on 
the general strength required by the object of the structure, and 
upon the class offrame adopted. In the first class, in wbich-the 
roadway is usually above the frames, any requisite number of ribs 
may be used, and they may be placed at equal intervals apart, 
or else'be so placed as to give the best support to the loads wnich 

Eass oTer the bridge. In the second class, as the firame usually 
es entirely, or projects partly above the roadway, &c., if more 
than two ribs are required, they are so arranged that one or two, 
as circumstances may demand, form each head of the bridge, and 
one or two more Are placed midway between the heads, so as to* 
leave a sufficient width of roadway between the centre and adja- 
cent ribs. The footpaths are usually, in this case, either placed 
between the two centre ribs, or, when there are two exterior ribs, 
between them. 

597. The mamier of constructing the ribs, and of connecting 
them by cross ties and diagonal braces, is the same for bridffe 
frames as for other wooden structures ; care being taken to od- 
tain the strength and stiffiiess which are peciiliany requisite in 
wooden bridges, to preserre them from the causes of destructi- 
bihty to which they are liable. In frames which exert a lateral 
pressure against tne abutments and piers, the lowest points of 
the frame-work shotild be so placed as to be above the ordinary 
high-water level ; and plates of some metal should be inserted at 
those points, botb of .the frame and of the supports, where the 
effect of the pressure might cause injury to the woody fibre. 

598. The roadway usually consists of a simple floorins formed 
of cross joists, termed the roadway-bearerSi otfloor-giraers^ and 
fiooring-Doards, upon which a road-covering either of wood, or. 
stone is laid. A more common and better arrangement of the 
roadway, now in use, consists in laying Jongitumnal joists of 
smaller scantling upon the roadway-bearers, to support the 
flooring-boards. This method preserves more effectually than 
the other the roadway-bearers from moisture. Besides, in 
bridges which, from the position of the roadway, do not admit 
of vertical diagonal braces to stiffen the frame-work, the only 
means, in most cases, of effecting this object is in placing hon- 
zontal diagonal braces between each pair of roadway-bearers. 
For like reasons, stone road-coverings for wooden bridges are 
generally rejected, and one of plank used, which, for a horse- 
track, snoulo be of two thicknesses, so that, in case of repairs, 
arising from the wear and tear of travel, the boards resting upon 
the flooring-joists may not require to be reAioved. The footpaths 
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consist simply of a slight flooring of soffident width, miiidi is 
UBually detacbed bom suid raised a few inches abofre the roadway 

599. When the brklge-fiame is beneath the roadway, a djatinct 
pan^t wiU be requisite for the aafety of paasengen. Tfais may 
De fonned eitfaer of wood, of iion, or of the two combined. It is 
most geneially made of timber, and ccnisista of a band and foot 
lail connectea by uprig^t poats and stiffened by diagonal biaces. 
A wooden parapet, oeaides the secahty it gives to paasöngers, 
may be made to add both to the strength and stiffiiess of the 
bridge, by constructing it of timber of a suitable size, and con- 
necting it finnly with the ezterior ribs. 

600. In bridge frames in which the ribs aie abore the roadway, 
a timber sheathing of thin boards will be requisite on the »des, 
and a roof above, to protect the structnre firom the weather. The 
tie-beams of the roof-trusses mav serve also as ties for the ribs 
at top, and may receire horizontal diagonal bnices to stiffen the 
stnicture, like those of the loadway-beareTS. The rafters, in the 
case in which there is no centre rib, and the bearing, or (üstance 
between the exterior ribs, is so great that the roadway-bearers re- 
quire to be supported in the middle, may senre as points of Sup- 
port for Suspension pieces of wood, or of iron, to wmch the middle 
point of the roadway-bearers may be attached. 

601 . When the bridge-frame is beneath the roadway, the floor- 
ing, if sufficient projection be given it beyond the heaa, will pro- 
tect it firom the weather, if the depth of the ribs be not yery great. 
In the contranr case a side sheathing of boards may bd requisite. 

602. The frame and other main timberß of a wooden bridge 
will not require to be coated with paint, or any like composition, 
to presenre them firom decay when they are roofed and boarded 
in to keep them dry. When this is not the case, the ordinary 

•presenratives against atmospheric action maybe used for them. 
The under surfoce and joints of the planks of the roadway may 
be coated with bituminous mastic when used for a horse-track ; 
in railroad bridges a metallic covering may be suitably used 
when the bridge is not traTcrsed by horses. 

603. Wooden bridffes can produce but little other architectural 
effect than that which naturally Springs up in the mind of an 
educated spectator in regarding any judiciously-contriyed struc- 
ture. When the roadway and parapet are above the bridge- 
fiame, a very simple conuce may be lonned hy a proper combi- 
nation of the roadway-timbers and flooring, which, witn the para- 
pet, will present not only a pleasing appearance to the eye, but 
will be Ol obirious Utility in covering the parts beneath firom the 
weather. In covered bridges, the most that can be done will be 
^0 paint them with € uniform coat of some subdued tint. At 
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best, from their want of height as compared with tbeir length, 
covered wooden bridges must, for the most part, be only unsightly, 
and also apparently insecure structures when looked at from such 
a point of yiew as to embrace all the parts in the field of yia^on ; 
and any attempt, therefore, to disguise their true character, and to 
give them by painting the appearance of houses, or of stone arches, 
while it must fail to deceive even the most ignorant, will only be- 
tray the bad taste of the architect to the more enlightened judffe. 

604. The art of erecting wooden bridges has been carried to 
great perfection in almost every part of tne world where timber 
has, at any period, been the principal building material at the 
jdisposal Ol tne architect* The more modern wooden bridges of 
Switzerland and Germany occupy in Europe the first rank, for 
boldness of design and scientific combination in their arrangement 
and construction. These fine foreign structures have been eyen 
surpassed in the United States, and our wooden bridges and the 
skill of our engineers and carpenters, as shown through them, 
haye become desenredly celebrated , throughout the scientific 
World. The more recent structures of this class are peculiarly 
characterized for simplicity of arrangement, perfection m the me- 
chanical execution, and boldness of design. If they are open to 
the Charge of any fault, it is to that of too great boldness of de- 
sign, in spanning yery wide bays with ribs of open-built beams 
either unsupported, or but imperfectly so, at intermediate jpoints, 
by any combination of struts and corbels, or straining beams. 
The want of these additions is more or less apparent in the great 
yibratory motion feit on some of the more recent railroad and 
other bridges, and . in a consequent disposition in the frame to 
work loose at the joints and sag. 

605. The foUowing Table contains the principal dimensions 
of some of the most celebrated American and European wooden 
bridges. 
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Bridge of Schaffhausen, (A) 


• 
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193 ft. 
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Bridge of Kandel, (B) . . . 






1 


166 " 





Bridge of Bamberg, ) y^v 
Bridge ef Freysingen, J ^ ^ 






1 


208 « 


16.9 ft. 






2 
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11.6 " 


Essex bridge, (D) . 






1 


250 " 
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Upper Schuylkill bridge, (E) 






1 


340 ** 


20 " 


Market-street bridge, (F) 
Trenton bridge, (G) 






3 


195 " 


12 " 






5 


200 " 


27 " 


Columbia bridg^, (H) . 






29 


200 " 
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Richmond bridge, (I) . . . 






19 


153 " 


15.4 " 


Spiingfield bridge, (K) .... 


7 . 


180 " 


18 " 
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(A) This celebrated Swiss bridx^, built by John Ulrich Gru- 
benmann, a carpenter, consisted of two bays, the one 193 and 
the other 172 feet. The bridge-firame was fonned of two ribs 
wit)i a roadway between them. Each rib was firamed, in some 
respects, on the same principle as an open-built beam, the upper 
string being supported by a number of inclined struts which 
restä against the abutments and pier» and the lower string, upon 
which the roadway timbers were laid, being saspended from the 
Upper by Suspension pieces. The whole structure was Consoli- 
dated and braced by bolts, stays, and stiaps of iron. Remarkable 
in its day, yet the drawings extant of the oridge of Scha£fhausen, 
while they attest the ingenuity and practical skill of the builder, 
present it in singular contrast with the equally bold and less com- 

{licated structures of the like nature recendy erected in the 
Fnited States. 

(B) This is also a Swiss bridge, buUt over the torrent of Kan- 
del in the canton of Beme. Its ribe are fonned of solid-built 
beams which gradually decrease in depth from the centre to the 
extremities ; this decrease being made by offsets, the built beams 

Eresenting the appearance of a number of straining beams placed 
elow each other, against the ends of which abut inclined struts 
that rest against the faces of the abutments. The roadway rests 
upon the built beams. 

(C) These two bridges are selected from among a number of 
the like character constructed in Tarious parts of Germany by 
Wiebeking. The bridge-frame in all of them consists of several 
ribs of curved solid-built beams upon which the roadway timbers 
are laid. This method of constructing bridge-frames combines 
great strength and stiffness. (t is more expensire than frames of 
straight timber, as it requires a larger amount of iron, and more 
complicated mechanical means for its construction than the latter, 
and the ribs, although stiffer, are impaired in strength by the 
Operation of ^ending them. 

(D) This is a very remarkable structure built over the river 
Merrimack near Newburyport. The ribs consist of curved open- 
built beams, each of which is composed of three concentric solid- 
built beams, connected, at intervals along the rib, by two radial 
pieces of hard wood which fit into mortises made through the 
centre of each solid beam, and by a long wedge of hard wood in- 
serted, in the direction of the radius of curvature, between each 
pair of radial pieces. Each of the solid-built beams of the rib is 
fonned of two thicknesses of scantling, about 12 or 15 feet in 
length, which abut end to end, breaking joints, and are coitnected 
by Keys of hard wood inserted into mortises made through the two 
thicknesses. By these arrangements the architect has sought 
to preserve both the curved shape and the parallelism of the sohd 
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beams forming the rib, and also to connect all the parts firmly. 
The combination is aii ingenioue attempt at constructiiig an aich 
of wood on similar principles to one oi stone, but is inferior to 
the more simple and usual methods of forming ciirved open<built 
beams by using radial and diagonal pieces. 

(E) This bndge, designed and buüt by L. Wemwag, haa the 
widest span on record. The bridge-frune (Fig. 132) conBist« 
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o! Ave ribs. Each rib is an open-built beam formed of a bottom, 
curred solid-built beam and of a single top beam, ^iiich are con- 
nected by radial pieces, diagonal braces, and inchned iron stays. 
The bottom curred beam is composed of three concentric aolid- 
built beams slightly separated from each other, each of wliich 
has seven com^es of curved scantling in it, each course 6 inches 
thick by 1 3 inches in breadth ; the courses, as well as the con- 
centric beams, being firmly united t^ iron bolts, &c. A road- 
way that rests upon the bottom curred ribs is lefi on eacb side 
of the centre rib, and a footpath between each of the two exterior 
ribs. The bridge was covered in by a roof and a sheathing on 
the aides. 

(F) This is also one of the many bridges designed and built 
by Wemwag in the States of Pennsylvania and New Jersey. 
The bridge-mime consists of three ribs placed so far apart as to 
leave space between them for a carriage-way and a footpath on 
each side of the centre rib. Each rib ia an open-buiK beam, 
coQsisting of a bottom curved solid-built beam, with mortises at 
intenrats to receive radial pieces, which are connected at top by 
a Single beam, also mortised to receive tenona on the heads of the 
radial pieces. A single diagonal brace is placed between each 
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pair of radial piecea. Longitudino] beams reach from the crown 
of the curred rib of one bay to ^t of the next, and on these the 
roadway-bearera are laid transrersely. 

(G) In this fine structure, the roadway-bearers are suspended 
from curved solid-built beams by iron-bar chaina and Suspension 
rods. The apan of the centre öay is 200 feet, that of tbe two 
adjacent 180 feet, and that of the extreme baya 160 feet. The 
bndge-frame (Fig. 133) conaists of tive ribs, haring the aame 
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arrangemenl^or the roadway and footpaths as in the Upper Schuyl- 
kiil bridge. Each Qf the central riba is formed of 8 conrsea of 
curved scantling, each course being 4 inches thick, and 1 3 inchea 
broad. The two ezterior ribs have 9 courses of scantling of the 
aame dimensiona. Inchned timber bntces connect the curred 
beam and roadway timbera. The ribs are tied at top by cross 
piecea, and stiffened by diagonal braces. The bridge-frame ia 
braced on the exterior by vertical and horizontal timber-stays 
which abut againat the top of the piers. The roadway ia of 
plank laid upon longitiidinal joiats that rest on the roadway- 
bearers. The roadway-bearers are atifiened by diagonal braces. 
The abutments and piers are of stone, the latter being 20 feet 
thick at the impoat. 

(H) This, lilte most of the more recent bridges for railroads, 
aqueducts, &.C., in Pennsylvania, is built upon Burr's plan, which 
(Fig. 134) consists in forming each rib of an open-built beam of 
Btraight tiraber, and connecting with it a curved aolid-built beam 
formed of two or more thicknesses of acantling, between which 
the frame-work of the open-built beam is clamped. The open- 
built beam consists of a horizontal bottom beam of two thicknesses 
of acantling, termed the chords, which clamp uprights, tenned ihe 
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qmenpostSy between them, — of a mA top beam, teimed the plate 
afthe sideframe^ which rests upon me uprights, wiÄ which it is 




Fig. 134— Raiwesente a lide view of a 

Portion of a rib of Boir*! bridge. 
o, 0, arch timben. 
a , a, queen-poBla. 
^, 6, bracei. 
c« Cf choids. 



e, e, ntote of tfae nde fram». 

0, 0. floor aiiden on which the flooffiac 

joiflte ana flooring boanto nst 
n, fi, check braces. 



1. 1, tie beams of roof. 
Ätpoctifliiofpier. 



connected by a mortijse and tenon Joint, — and of diagonal braces 
and other smaller braces, termed c?ieck braces, placed between 
the uprights. The curved-built beam, termed the arch-timbers, 
is boltedupon the timbers of the open-buüt beam. The bridge- 
frame may consist of two or more ribs, which are connected and 
stiffened by cross ties and diagonal braces. The roadway-floor- 
ing (Fig. 135) is laid upon cross pieces, termed the floor girders, 
which may either rest upon the cnords, or eise be attached at any 
intermediate point between them and the top beam. The road- 
way and footpaths may be placed in any position between the 
several ribs. 

There is great similarity between the combination adopted by 
Burr and those of the two bridge-frames just described. The 
main difference consists in the application by Burr of what he 
terms the arch-timbers, to strengmen and stiffen an open^built 
beam. It may be remarked firom the Figs. 134, 135, that the 
framing of the open-built beam is faulty, in that the top beam, or 
plate, is not only of less dimensions man the bottom beam, or 
chord, but is weakened by mortises, and moreover affords no 
other Support to the queen posts, or uprights, which act as Sus- 
pension pieces for the chord, than that of the pin which confines 
the tenon in the mortise. From the manner in which the arch- 
timbers are formed and connected with the parts of the open-built 
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beam, they add but litde wany more strength and stiffness than 
would be given by straight timbers reaching from the springii^ 
point of the arch timbers to their crown ; and they are certainly 
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less efficacious in subserving their end than would be inclined 
struts, occupying a like position at bottom, and abutting against a 
Btraining beam, placed either under the centre part of the chord, 
where the locality would permit it, or under the centre portion of 
the plate. In localities wnere fine timber is less abundant than in 
those in which the most of Burr's bridges have been built, a ju- 
dicious regaid to economy would undoubtedly have suggested a 
selection of forms for the secondary parts of the frame, which 
would have prevented these parts from being as much cut to 
waste as the Figs. show they must have been in the example 
taken to illustrate this system. 

(I) This structure, constructed under the superintendence of 
Moncure Robinson, Esq., is upon Town's plan. The width of 
the baysTaries from 130 to 153 feet. It consists of two ribs, 
each of which is formed of a double lattice, with two chords at 
bottom and one at top. The roadway, for rails, rests on the top 
girders. The ribs are braced by vertical diagonal braces, and by 
horizontal diagonal braces between each pair of the top and bot- 
tom girders. The piers are of rustic work ; they are 40 feet 
above the low-water level, and 4 feet thick at top. The exam- 
ple here selected for illustration (Fig. 136) is taken from another 
bridge, of nearly the same width of bay, erected subsequently 
to the Richmond bridge, by the same engineer, in which the top 
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chord also is doubled, as the former bridge was found to be rather 
weak. 
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(K) This bridge is constructed on Howe's plan. It consisu 
(Fig. 137) of two ribs which are connected at top and bottom, in 
' the usual manner, with cross lies and diagonal braces. The 
roadway-flooring reata upon the crosa girders at bottom. The 
bridge is not roofed, as is usually the case, the ribs being coTcred 
in on the sides and at top by a aheathing of boards, and the 
flooring-boards by a metallic covering. 

The bridges constructed according to Colonel Long's plan 
have been mostly applied to medium spans. In the printed de- 
scription of the different improvements of this System patented 
by Colone! Long, he very judiciously inlroduces strats, which 
he terms arch braces, either below the top or the bottom string, 
as the lücality may demand, for the purpose of preventing sag- 
ging, which mUHt necessarily take place in time m all open-buut 
beams of considerable span, if not strenglhened in this way. 
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CAST-IRON BRIDGES. 

606. Bridges of caat iron admit of even greater boldness of 
design than those of timber, owing to the supeqority, both in 
streneth and durability, of tbe former over the tatter malerial ; 
and lüey may therefore be resorted to under ciicumataiices very 
nearly uie aame in wbich a wooden structure would be suitable. 

607. The abutmenta and piers of cast-iron bridges shonld be 
built of Btone, as ihe corrosive action of salt water, or even of 
fresh water when impure, would in time render iron Supports of 
this character insecure ; and timber, when exposed to the same 
desiructive agents, is still less durable than cast iron. 

The forma and dtmensions of the stone abutmenta and piers 
are regulated on the same principles as the like parts in wooden 
bridges with cuired frames. Tne piers may be either built up 
high enougb to receive the roadway-bearers, or eise they may be 
tenninated just above the springing plates of the bridge-frame, 
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and form supports for cast-iron siaiidards npön whi<$h tke roadway* 
bearers may be laid. 

608; The curved ribs of cast-irpn bridge-frames have under» 
gone Tarious modifications and improvements. In the earlier 
bridges, tbey were fonned of several concentric arcs, or curred 
beamsy placed at some distance asunder, and united by radial 

Eieces ; the spandrels being filled eith^er by contiguous rings, or 
y vertical piece» of cast iron upon which the roadway-bearers 
were laid. 

In the next stage of progress towards improvement, the curved 
ribs were made less deep, and were each fermed of several Seg- 
ments, or panels cast separately in one piece, each panel con- 
sisting of three concentiic arcs connected by radial pieces, and 
having flanches, with other suitable arrangements, for connecting 
them firmly by wrought-iron keys, screw-bolts, &c. ; the entire 
rib thus presenting the appearance of three concentric arcs con- 
nected by radial pieces. The spandrels were filled either with 
panels formed like those of the curved ribs, with iron rings, or 
with a lozenge-shaped reticulated combination. The ribs were 
connected by cast-iron plates and wrought-iron diagonal ties. 

In the more recent structures, the ribs have been composed of 
Toussoir-shaped panels, each formed of a solid thin plate with 
flanches around the edges ; or eise of a curved tubulär rib, formed 
like those of Polonceau, or of Delafield, described under the head 
of Framing. The spandrel-filling is either a reticulated combi- 
nation, or one of contiguous iron rings. The ribs are usually 
united by cast-iron tie-plates, and braced by diagonal ties of cast 
and wrought iron. 

609. The roadway-bearers and fiooring mäy be formed either 
of timber, or of cast iron. In the more recent structures in Eng- 
land, they have been made of the latter material ; the roadway- 
bearers being cast of a suitable form for strength, and for their 

, connection with the ribs ; and the flooring-plates being of cast 
iron. 

The roadway and footpaths, formed in the usual manner> rest 
upon the flooring-plates. 

The parapet consists, in most cases, of a light combination of 
cast or wrought iron, in keeping with the general style of the 
structure. 

610. The English enmneers have taken the lead in this brauch 
of afchitecture, and, in their more recent structures, have carried 
it to a high degree of mechanical perfection and architectural 
elegance. Among the more celebrated cast-iron bridges in Eng- 
land, that of Coatorookdale belongs to the first epech above men- 
tioned ; those of Staines and Sunderland to the second ; and to 
the thirdy the bridge of Southwark at London ; that of Tewhes-- 
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hwry over the Sevem ; that over the Lary near Pl^outh, and a 
number of pthers in various parts of the United Kingdom. 

The French engineers have not only foUowed the lead set them 
by (he English, but have taken a new step, in the tubular-shaped 
ribs of M. Polonceau. The Pont des Arts at Paris, a very light 
bridge for foot-passengers only, and which is a combination of 
cast and wrought iron, belongs to their earliest essays in this Une ; 
the Pont d^Austerlitz, also at Paris, which is a combination sinü- 
lar to those of Staines and Sunderland, belongs to their second 
epoch ; and the Pont du Carrousel, in the sanie city, built upon 
rolonceau's system, with several others on the same plan, belong 
to the last. 

In the United States a conunencement can hardly be said to 
have been made in this branch of bridge architecture ; the bridge 
of eighty feet span, with tubulär ribs, constructed by Major Dela- 
field at Brownsville, Stands almost alone, and is a step contem- 
porary with that of Polonceau in France. 

The foUowing Table contains a summary description of some 
of the most noted European cast-iron bridges. 
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( A) This is the first cast-iron bridge erected in England. The 
curved rib is nearly a semicircle in shape, and is composed of 
three concentric arcs, which are connected at intervals by short 
columnar pieces, in the direction of the radii of the curve. 

(B) This structure, which connects Wearmouth and Sunder- 
land,,has a remarkably bold appearance, both from its great span, 
and its height, which is 100 feet between the high water-level 
and the intrados of the arch at the crown. The entire rib pre- 
sents the appearance of an open-built beam, composed of three 
concentric arcs united by radial pieces. The spandrel-fiUing is 
formed of contiguous iron rings., of increasing diameters from the 
crown to the springing line, which rest upon the back of the 
curved ribj and support the roadway-bearers. 

(C) Staines bridge was designed on the same plan as Wear- 
mouth ; but from a defect in the strength of its abutments, they 
successively yielded to the horizontal thrust, which in so flat an 
arch was very considerable. 
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(D) The bridge of Austerlitz is constructed on tfae same prin» 
ciple as the two last, and produces a light and pleasing architec- 
tural effect. Each curved rib consists of 21 voussoir-shaped 
panels, about 4 feet in depth. Tfae spandrel-fiUings present the 
appearance of a continuation of the curved rib outwarcis, to form 
a Support for the roadway-bearers. The piers are terminated at 
the springing lines of the curved rib, and are at this point 13 feet 
thick ; the roadway above them being supported by the ribs con- 
tinued up to its level. The roadway is on a level, the roadway- 
bearers and flooring being of timber. 

(E) In this structure the curved rib is formed of solid panels. 
The spandrel-fillings consist of vertical shafts united by cross 
pieces. The piers are built up to support the roadway-bearers ; 
they are 13 feet thick at the springing line. Tfae entire width 
of the bridge is 36 feet, the carriage-way occupying 25 feet. 

(F) In this bold structure, the width of each of the two extreme 
bays is 210 feet. The curved rib is composed of thirteen solid 
panels, each of which is 2| inches thick, and has a rim, or flanch 
around it about 4 inches broad. The rib is 6 feet deep at the 
crown and 8 feet at the spring. The spandrel-filling is composed 
of lozenge-shaped panels with verticai joints ; they are secured 
to the back of the curved rib and support the roadway-plates. 
The curved ribs are connected by tie-mates inserted between the 
joints of the voussoirs ; and they are oraced by feathered diago- 
nal braces. The piers are 24 feet thick at the springing line, 
and are built up to the level of the roadway-plates. The width 
of the carriage-way is 25 feet, and that of each of the footpatln 
7 feet. 

(G) This bridge presents a very*Iight and elegant appearance ; 
die panels of the curved rib being cast with open curvilinear 
Spaces, which divide the panel into several rectangular-shaped 
figures, with solid sides and diagonals. Each rib consists of 
twelve panels. The depth of the ribs is 3 feet. The thickness 
of the two exterior ribs is 2| inches, that of tlie four interior 
2 inches. The ribs are connected by grated tie-plates between 
the panel-joints, and they abut against springing plates which 
are 3 feet wide and 4 inches thick. The roadway-bearers and 
road-pUtes are of cast iron. The spandrel-filling is composed 
of lozenge-shaped panels, the sides of the Jozenges being fea- 
thered, and tapering from the middle to the extremities. The 
ribs of the bridge-frame are connected and braced in the usual 
manner. The road-bearers are laid lengthwise upon the ribs, to 
which they are firmly secured, and they are covered vrith iroii 
road-plates, upon which the road-covering rests. The free road- 
space is 24 feet. 

(H) In this structure, (Figs. 138, 139,). the engineer has de- 
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the thickneäs of the piers, where siiiallest, being 10 feeU The 
arches adjoinmff the centre are 95 feet span each, aiici rise 13 
feet 3 incnes. The piers, taken aö before, are each 9 feet 6 
inches thic^. The extreme arches are each 81 feet span, and 
rise 10 feet 6 inches. The abutments are, in their smallest di- 
mensions, 13 feet thick, forming at the back a streng arch abutting 
against the retum-walls to resist the horizontal thrust. The ends 
Ol the piers are semicircular, having a curvilinear batter on the 
sides and ends fomied with a radius of 35 feet, and extendine 
upward from the level of high water to the springing course, and 
downward to the level of the water at the Iowest ebb. The 
front of the abutments have a corresponding batter. 

"The roadway is 24 feet wide, supported by 5 cast-iron equi- 
distant ribs. Each rib is 2 feet 6 inches in depth at the spring- 
ing, and 2 feet at the apex, by 2 inches thick, with a top and 
bottom flange of 6 inches wide by 2 inches thick, and is cast in 
5 pieces ; their joints (which are flanged for the purpose) are 
connected by screw-pins with tie-plates equal in iength to the 
width of the roadway, and in deptn and thickness to the ribs ; 
between these meeting-plates the ribs are connected by streng 
feathered crosses, or diagonal braces, with screw-pins passing 
through their flanges and the main ribs. The spnnging-plates 
are 3 inches thick, with raised grooves to receive the ends of the 
ribs, which have double Shoulders. These plates are sunk flush 
into the springing course of the piers and abutments, which, with 
the cordon and springing course, are of granite. The pier- 
Btandaids and spandrel-fillings are feathered Castings, connected 
transYersely by diagonal braces and wrouffht-iron bars passing 
through cast-iron pipes, with bearing-shomders for the several 
parts to abut against. The roadway-bearers are .7 inches in 
depth by 1| thick, with a proportional top and bottom flange ; 
they are fastened to the pier-standaids by screw-pins through 
sliding mortises, whereby a due provision is made lor either ex- 
pansion or contraction olT the metal ; the roadway-plates are ^ of 
an inch thick by 3 feet wide, connected by flanges and screw- 

Juns, and project 1 foot over the outer i:oadway-bearers, thus 
brming a comice the whole Iength of the bridge. 

" The adoption of these forms for tlie piers and arches, in uni- 
8on with the plan of .finishing the piers above the springing course 
with cast iron instead of masonry, has, as I had hoped, given a 
degree of uniform liffhtness combined with strength to the general 
efiect, unobtainable by the usual form of straight-sided piers car- 
ried to the height of tue roadway, with flat segments of a circle 
for the arches. 

(I) The curved ribs of this bridge are tubulär, the cross sec- 
tion of the tube being an ellipse, the transverse axis of which is 
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2 feet 6 uiches, and die conjugate about 1 foot 4 inches. Each 
rib consists of eleven pieces, which are- shaped and connected as 
described under the head of Framing. The spandrel-fillings are 
formed of contiguous cast-iron rings which rest upon the nbs, 
and Support the longitudinal roadway-bearers. The ribs are tied 
and braced nearly in the usual manner. The flooring upon which 
the road-covering is laid is of timber. The piers are baut up to 
receive the roadway-bearers. 

The System of M. Poloncean presents a very light and elegant 
form of cast-iron bridge. The inventor claims for it more econo- 
my than by the ordinary combinations, and also more lightness 
combined with adequate strength. It has been objected to this 
System that it is defective in rigidity ; this the inventor seems 
disposed to regard as an advantage, and had preferred the span- 
drel-filling of rings partly on this account, because their elasticity 
is favorable to a gradual yielding and restoration of form in the 
parts. 

611. Effects of Temperature on stone and cast-iron Bridges, 
The action of variations of temperature upon masses of masonry, 
particularly in the coping, has already been noticed. The e£fect 
of the same action upon the equilibrium of arches was first ob- 
served by M. Vicat in the stone bridge built by him at Souillac, 
in the jomts of which periodical cbanges were found to take place, 
not only from the ranges of temperature between the seasons, but 
even daily. Öimilar phenomena were also very accurately noted 
by Mr. George Rennie in a stone bridge at Staines. 

From these recorded observations the fact is conclusively es- 
tabiished, that the joints of stone bridges, both in the arches and 
spandrels, are periodically afifected by this action, which must 
consequently at times throw an increased amount of pressure 
upon the abutments, but without, under ordinary circumstances, 
any danger to the permanent stability of the structure. 

When iron was first proposed to be employed for bridges, ob- 
jections were brought against it on the ground of the effect of 
changes of temperature upon this metal. The failure in the 
abutments of the iron bridge at Staines was imputed to this cause, 
and like objections were seriously urged' against other structures 
about to be erected in England. To put this matter at rest, ob- 
servations were very carefully made by Sir John Rennie upon 
the arches of Southwark bridge, built by his father. From these 
experiments it appears that the mean rise of the centre arch at 
the crown was about j\üi of an inch for each degree of Fahr., 
or 1.25 inches for 50® Fahr. The change of form and increase 
of pressure arising from this cause do not appear to have afifected 
m any sensible degree the permanent stability either of this struc- 
ture, or of any of a like character in Europe. . 
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612. The use of flexible materials, as cordage and the like, to 
form a roadway over chasms, and narrow water-courses, dates 
from a very early peripd ; and stnictures of this character were 
probably among the first rüde attempts of ingenuity, before the 
arts of the carpenter and mason were sufficiently advanced to be 
made subservient to the same ends. The idea of n, suspended 
roadway, in its simplest form, is one that would naturally present 
itself to the mind, and its consequent construction would. demand 
only obvious means and but little mechanical contrivance ; but 
the Step from this stage to the one in which such stnictures are 
now found, supposes a very advanced State both of science and of 
its application to the industrial arts, and we accordingly find that 
bridge architecture, under every other guise, was brought to a 
high degree of perfection before the Suspension bridge, as this 
structure is now understood, was attempted. 

With the exception of some isolated cases which, but in the 
material employed, differed little from the first rüde strüctures, 
no recorded attempt had Keen made to reduce to systematic rules 
the means of suspending a roadway now in use, until about the 
year 1801, when a patent was taken out in this country for the 
purpose, by Mr. Finlay, in which the manner of hanging the 
chain supports, and suspending the roadway from it, are speci- 
fically laid down, dififering, in no very material point, from the 
practice of the present day in this brauch of bridge architecture. 
Since then, a number of stnictures of this character have been 
erected both in the United States and in Europe, and, in some 
instances, Valleys and water-courses have been spanned by them 
under circumstances which would have bafHed the engineer's art 
in the employment of any other means. 

A Suspension bridge consists of the supports, termed piersy 
from which the Suspension chains are hung ; of the anchoring 
masses, termed the abutmentSy to which the ends of the Suspen- 
sion chains are attached ; of the Suspension chains, termed the 
main chains, from which the roadway is suspended ; of the verti- 
cal rods, or chains, termed the suspending-chainsy &c., which 
connect the roadway with the main chains ; and of the roadway. 

613. As the general principles upon which flexible supports 
for stnictures should be arranged have already been laid down 
under the head of Framing, nothing more will be requisite, under 
the present head, than to add those modifications of the applica- 
tions of these principles called for by the character of the strüc- 
tures in question. 

614. Baj/s, The natural water- way may be divided into any 
number of equal-sized bays, depending on local circumstances. 
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and the comparative cost of high or low piers, and that of the 
main chains, and the suspending-rods. 

A bridge with a Single bay of considerable width presents a 
bolder am more monumental character, and its stabüity, all other 
things being equal, is greater, the amplitude from undulations 
cauaed by a moreable load being less than one of several bays. 

If two bays be preferred to one, the chains.may be supported 
either by a Single central pier, of by three niers ol equal height. 
In case the locality is suitable to a central pier, the chains will 
present the appearance of a semi-curve, or aich, on each side of 
the pier ; the tension on the chains will be therefore only half as 

Seat as it woidd hare been on the chains of a single bay of double 
e width, and the same yersed sine. The horizontal strain will 
also be only half as great, and the anchoring points, or abutments, 
will be less expensire, as re<]^uiring less streng. 

If, instead of a central pier. with two senu-aiches, two entire 
arches be preferred for the oridfe, then three piers will be neces- 
saiy, whicli need only be half ue height of those which a single 
bay would require. The tension on the chains in this case will 
be only one fourth of that upon the chains of a bridf e with a Sin- 
gle bay of double width ; and the abutments may oe made pro- 
portionaUy less strong. 

615. Piers. These are commonly masses of masonry in the 
shape of pillars, or columns, that rest on a conunon foundation, and 
are usually connected at top. The form ffiven to the pier, when 
of stone, will depend in some respects on tne locality. Generally 
it is that of the architectural monument known as the Triumphal 
Afch ; an arched opening being formed in the centre of the mass 
for the roadway, and sometimes two others of smaller dimensions, 
on each side oi the main one, for approaches to the footpaths of 
the bridge. 

Piers of a columnar, or of an obelisk form, hare in some in- 
stances been tried. They have generally been found to be want- 
ing in stiffness, being subject to vibrations from the action of the 
chains upon them, wnich in tum, from the reciprocal action upon 
the chains, tends very much to increase the amplitude of the vi- 
brations of the latter. These effects have been observed to be 
the more sensible as the columnar piers are the higher and more 
elender. 

Cast-iron piers, in the form of columns connected at top by an 
entablature, have been tried with success, as also have Seen 
columnar piers of the same material so arranged, with a Joint at 
their base, that they can receive apendulous motion at top to ac- 
commodate any increase of tension upon either branch of the chain 
resting on them. 

The dimensions of piers will depend upon their height and the 
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strain upon them. When built of stone, the masonry should be 
very carefully constructed of large blocks well bonded, and tied 
by metal cran^ps. . The heiffht of the piers will depend mostly 
on the locality. Wheti of me usual foims, they should at least 
be high enough to adinit the passage of yehicles under the arched 
way of the road. 

616. Abutments. The fonn&and dimensicms of the abutments 
will depend upon the manner in which they may be connected 
with the chainl(. When the locality will admit the chains to be 
anchored without deflecting them vertically, the abutments may 
be formed of any heavy mass of rouirh masonry. which, £rom its 
weight, and the mamer in which itls imbedded, hare sufficient 
strength to resist the tension in the directionof the chain. If it 
is found necessary to deflect the chains vertically to secure a good 
anchoring point, it will also generally be necessary to build a mass 
of masonry of an arched form at the point where the deflection 
takes place, which, to presest sufficient strength to resist the 

Eressure caused by the resultant of the tension on the two 
ranches of the chain, should be made of heavy blocks of cut 
stone well bonded. If the abutments are not too far from the 
foundations of the piers, it will be well to connect the two, in 
Order to give additional resistance to the anchoring points. 

617. Main Chainsy &c. The suspending cunres, or arches, 
may be made of chains formed of flat, or round iron, or may con- 
sist of wire cables constructed in the usual manner. 

The main chains of the earlier Suspension bridges were formed 
of long links of round iron made in the usual way ; but, indepen- 
dently of the greater expense of ihese chains, they were found to be 
liable to defects of welding, and the links, when long, were apt to 
become misshapen under a great strain, and required to be stayed 
to preserve their form. Cnains formed of long links of flat bars, 
usually connected by shorter ones, as coupling links, have on 
these accounts superseded those of the ordinary oval-shap^d 
links. 

The breadth of the chains has generally been made uniform ; 
but in some receat bridges erected in England by Mr. Dredge, 
the chains are made to increase uniformly in breadth, by increas- 
ing the number of bars in a link, from the centre to the points of 
Suspension. In addition to this change in the form of the ipain 
chains, Mr. Dredge places the suspending chains in a vertical 
plane parallel to the axis of the bridge, but obliquely to the hori- 
zon, inclinin^ each way from the points of Suspension towards 
the centre of the curve. From experiments, it appears that a 
yery considerable increase of strength, for the same amount of 
material, is given by these modiücations. 

The number and disposition of the chains will depend upon the 
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Btrain to be borne and the arrangement of the roadway and foot- 
paths. For a Single carriage-way the main chains are^disposed 
on each aide, leaving the requisite ividth of the carriage-way be- 
tween them. Should the weight to be borne be so great that the 
number of bars in a hnk would give such breadth to the chain as 
to require a considerable addition to the breadth of the piers, two 
or more chains must be employad, and these should be suspended 
one immediately below the other. It has been suggested that 
their distance apart should be such that the shadow from the 
chain above upon that beneath should not prevent the action of 
the sim's rays, in evaporatinff any moisture that may lodge in the 
articulations of the links, and also to preserve an equable temper- 
ature in all the chains. If there are two carriage-ways, with 
footpaths, any arrangement of the chains may be adopted, simi- 
lar to those already pointed out for the ribs of wooden bridges 
under like circumstances ; care being taken that the strength of 
the chains be proportioned to the strain upon Üiem, and that they 
be placed so far asunder, that in violent oscillations from high 
winds they may not come into coUision. 

Some of the links of the main chains should be arranged with 
adjusting screws, or with keys, to bring the chains to the proper 
degree of curvature when set up. 

rhe chains may either be attached to, or pass over a moveable 
cast-iron saddle, seated on rollers on the top of the piers, so that 
it will allow of sufficient horizontal displacement to permit the 
chains to accommodate themselves to the effects of a moveable 
load on the roadway. The same ends may be attained by attach- 
ing the chains to a pendulum bar suspended from the top of the 
pier. 

The chains are firmly connected with the abutments, by being 
attached to anchoring masses of cast iron, arranged in a suitable 
manner to receive and secure the ends of the chains, which are 
carefully imbedded in the masonry of the abutments. These 
points, when under ground, should be so placed that they can be 
visited and examined from time to lime. 

618. Suspending Chains. The suspending-rods, or chains, 
should be attached to such points of the main chains and the 
roadway-bearers, as to distribute the load uniformly over the 
main chains, and to prevent their being broken or twisted off 
by the oscillations of the bridge from winds, or moveable loads. 
They should be connected by suitably-arranged articulations, with 
a saddle piece bearing upon the back of the main chain, and at 
bottom with the stirrup that embraces the roadway-bearers. 

The suspending-chains are usually hung vertically. In some 
recent bridges they have been incHned inward to give more stiff- 
ness to the System. 
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619. Roadway, Transversal roadway-bearers are attached 
to tlie suspending-chains, upon which a fiiooring of timber is laid 
for the roadway. The roadway-bearers, in some instances, have 
been made of wrought iron, but timber is now generally preferred 
for these pieces. Diagonal ües of wrought iron are placed hori- 
zontally between the roadway-bearers to brace the frame-work. 

The parapet may be formed in the usual style either of wrought 
iron, or of timber, or of a combination of cast iron and timber. 
Timber alone, or in combination with cast iron, is now preferred 
for the parapets ; as Observation has shown that the stiffness given 
to the roadway by a strongly-trussed timber parapet limits the 
amplitude of the undulations caused by violent winds, and secures 
the structure from danger. 

In some of the more recent Suspension bridges, a trus^ed 
frame, similar to the parapet, has been contintied below the level 
of the roadway, for the purpose of giving greater security to the 
structure against the action of high winds. 

When the roadway is above the chains, any requisite number 
of Single chains may be placed for its support. Frames formed 
of vertical beams of timber, or of columns of cast iron united by 
diagonal braces, rest upon the chains, and support the roadway- 
bearers placed either transversely, or longitudinally. 

620- Vibratiöns, The undulatory or vibratory motions of 
Suspension bridges, caused by the action of high winds, or move- 
able loads, shouTd be reduced. to the smallest practicable amount, 
by a suilable arrangement of bracing for the roadway-timbers and 

Earäpet, and by chain-stays attached to the toadway and to the 
asements of the piers, or to fixed points on the banks whenever 
they can be obu^ined. 

Calculation and experience show that the vibratiöns caused by 
a moveable load decrease in amplitude as the span increases, 
and, for the same span, as the versed sine decreases. The 
heavier the roadway, also, all other things being the same, the 
smaller will be the amplitude of the vibratiöns caused by a move- 
able load, and the less will be their efFect in changing the form 
of the bridge. 

The vibratiöns caused by a moveable load seldom afFect the 
bridge in a hurtful degree, owing to the elasticity of the system, 
unless they recur periodically, as in the passage of a body of 
soldiers with a caaenced march. Serious accidents have been 
occasioned in this way ; also by the passage of cattle, and by 
the sudden rush of a crowd from one side of the bridge to the 
other. Injuries of this character can only be guarded against by 
a proper System of police regulations. 

Chain-stays may either be^ attached to some point of the road- 
way, and to fixed points beneath it, or eise they may be in the 
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fonn of a reyersed curve below the roadway. The fonner is the 
more efficacious, but it causes the bridge to bend in a disagree- 
able manner at the point where the stay is attached, when the 
action of a moveable load causes the main chains to rise. The 
more oblique the stays, the longer, more expensive, and less 
effective they become. Stays in the form of a reversed curre 
preserve better the shape of the roadway under the action of a 
moveable load, but they are less effective in preventing vibrations 
than the simple stay. Neither of these metnods is very service- 
able, except m narrow spans. In wide spans, variations of tem- 
perature cause considerable changes in the length of the stays, 
which makes them act unequally upon the roadway ; this is par- 
ticularly the case with the reversed curve. Both kinds should 
be arranged with adjusting screws, to accommodate their length 
to the more extreme variations c( temperature. 

Engineers, atpresent,.generally agree that the most efficacious 
means of limiting the amplitude, and the consequent injurious 
effects of undulations, consists in a streng combination of the 
roadway-timbers and flooring, stiffened by a trussed parapet of 
timber above the roadway, and in some cases in extending the 
firame-work of the parapet below it. These combinations pre- 
scht, in appearance, and reality, two or more open-built beams, 
as circumstances may demand, placed parallel to each other, and 
strongly connected and braced oy the frame-work of the road- 
way, which are supported at intermediate point^ by the suspend- 
ing-rods, or chains. The method of placing the roadway-framing 
at the central line of the open-built beams presents the advantage 
of introducing verrical diagonal braces, or ties between the beams 
beneath the roadway-frame. The main objection to these com- 
binations is the increased tension thrown upon the chains from 
the greater weight of the frame-work. This increase of tension, 
however, provided it be kept within proper limits, ^o far from 
being injurious, adds to the stability and security of the bridge, 
both from the effects of undulations and of vibrations from shocks. 

As a farther security to the stability of the structure, the frame- 
work of the roadway should be firmly attached at the two extre- 
mities to the basements of the piers. 

621. Preservative means. Topreserve the chains from oxi- 
dation on the surface^ and from rain or dews which may lodge in 
the articulations, they should receive several coats of minium, or 
of some other preparation impervious to water, and this should 
be renewed fröm time to time, and the forms of all the parts 
should be the most suitable to allow the free escape of moisture. 

Wires for cables can be preserved from oxidation, until they 
are made into ropes, by keeping them immersed in some alkaline 
Solution. Before makmg them into ropes they should be di]:^)ed 
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several times in boiling linseed oi], prepared by preyiously boii* 
ing it with a small portion of litharge and lampblack. The cables 
shonld receive a thick coating of the same preparation before 
they are put up, and finally be painted with "white lead paint, both 
as a preservative means, and to show any incipient oxidation, as 
the rust will be detected by its discoloring the paint. 

622. Proofs of Suspension Bridges, Prom the man/ grave 
accidents, accompanied by serious loss of life, which have taken 
place in Suspension bridges, it is highly desirable that some trial- 
proof should be mq|de before opening such bridges to the public, 
and that, moreorerj sl^ct police regulations should be adopted 
and enforced, with respect to them, to guaid against the recur- 
rence of such disasters as have i^everal times taken place in Eng- 
land, from the assembläge of 'a crowd upon the bridge. In 
France, and on the continent generally, where one of the impor- 
tant diities- of the public pohce is to watch orer the safety of life, 
under such circumstances, regulations of this character are rigidly 
enforced.* The triaUproof enacted in France for Suspension 
bridges, before they are thrown open for travel, is about 40 Ibs. 
to each isuperficial foot of roadway in addition to the permanent 
wei^t of the^ bridge. This proof is at first reduced to one half, 
in Order not to injure the masonry of the points of support during 
the green condition of the mortar. It is made by distributing 
over the roa(^surface any convenient weighty material, as bricks, 
pigs of iron, bags of earth, &c. Besides this . after-trial, each 
dement of the main chains should be subjected to a special proof 
to prevent the introduction of unsound parts into the System. 
This precaution will not be necessaiy for the wire of a cable,. as 
the process of drawing alone is a good test. Some of the coils 
tested will be a guarantee for the whole. 

From Experiments made at Geneva by Colonel Dufour, one of 
the earliest and most successful constructors of Suspension bridges 
on the Continent, it appears that wrought bar iron can sustain 
without danger of rupture a shock arising from a weight of 44 
Ibs. raised to a height of 3.28 feet on each, .0015dths of an inch 
of cross section, wnen the bar is strained by a weight equal to 
one third of its breaking weicht ; and he concludes that no ap- 
prehension need be entertained of injury to a bridge from shocks 
caused by the ordinary transit upon it, which has been subjected 
to the usual trial of a dead weight ; and that the safety, in this 
respect, is the greater as the bridge is longer, since the elasticity 
of the System is the best preservative fr(»n accidents due to sucn 
causes. 

623. Durabilüy, Time is the true testof the durability of 
the structures under consideration. So far as experience goes, 
there seems to be no reason to assign less durability to 'suspen- 
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sion than to cast^iron, or eyen stone bridges» if their repairs and 
the proper means of presenring them from dec&y are attended to. 
Douots have been expressed as to the durabilitj of wire cables, 
but these seem to have been set at rest by the trials and exami- 
nations to which a bridge of this kind, erected by Colonel Dufour, 
at Geneva, was subjected by him after twenty years serrice. It 
was found that the undulations were greater than when the bridge 
was first erected, owing to the shrinking of the roadway-firame ; 
but the main cables, and suspending-ropes, even at the loops in 
contact with the timber» proved to be as sound as when first put 
up, and free from ozidation ; and the wh6le*bridge stood another 
very severe proof without injuiy. 

624. The foUowing succinct descriptions of the pnncipal ele- 
ments of some of the most oelebrated suspensionnridges of 
chains, and wire cables, of remarkable span, are taken from va- 
rious published accounts. 

Bndge over the T\veed near Berwick. This is the first large 
Suspension bridge erected in Great Britain. It was constmct^ 
upon the plana of Capt. Brown^ who took out a patent for the 
principles of its construction. 

Span . ' • . . 449 feet. 
Versed sine . . . 30 ** 
Number of main chains 12, six beihg placed on each aide of the 

roadway, in three ranges, of two chains each, above each 

other. 

The chains are composed of long links of round iron, 2 inches 
in diameter, and are 15 feet long. Tbey are connected by coupling 
links of round iron, \\ inch diameter,. and about 7 inches long, by 
means of coupling bolts. 

The roadway is kome by suspending-rods of round iron, which 
are attached altemately to the tnree ranges of chains. . The road- 
way-bearers are of timbcr, and are laid upon longitudinal bars 
of wrought iron, which are attached to the Suspension rods. 

Menai Bridjgey erected after the designs of Mr. Telford. 
Opened in 1826. 

Span . . . • 579.8 feet. 
Versed sine . . . 43 " 
Mumber of main chains 16, arranged in sets of 4 each, vertically 

above each other. 
Number of bars in each link 5. 
Length of links 10 feet. 
Breadth of each bar 3^ inches ; depth 1 inch. 
Coupling links 16 inches long, 8 inches broad, and 1 inch deep 
Coupling bolts 3 inches in diameter. 
Total area of cross section of the main chain, 260 Square inches. 

The main chains are fastened to their abutments by anchoring- 
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bolts 9 feet long and 6 inches in diametßr, which are secured in 
cast-iron grooves. The abutments, which are Underground and 
reached by suitable tunnels, are the solid rock. 

lipon the tops of the piers are cast-iron saddles, upon which 
the main chains rest. liie base of the saddle, which is fitted 
with grooves to receive them, rests upon iron rollers placed on a^ 
' coAvex cylindrical bed of cast iron, shaped like the bottom of tlie 
base of tne saddle, to admit of a slight displacement of the chains 
firom moveable loads, or changes of temperature. 

The roadway iaT divided into two carriage-ways, each 12 feet 
Wide, and a footpath 4 feet wide between them. The roadway* 
firaming consists of 444 wrought-iron roadway-bearers, S^.inches 
deep and ^ inch thick, which are supported at the centre points 
of each of the carriage-ways by an inverted truss, consisting 
of two bent iron ties which support a vertical bar placed under 
the roadway-bars at the points just mentioned. The platform 
of the roadway is formed of two thicknesses of plank. The 
first, 3 inches thick, is laid on the roadway-bearers and fastened 
to them. This'is covered by a coating of patent feit soaked in 
boiling tar. The second is two inches tmck and spiked to the 
first. 

The roadway is suspended by articulated rods attached to 
stirrups on the roadway-bearers and to the coupling bolts of the 
main chains. 

The piers are 152 feet high above the high-water level. They 
have an arched opening leacQng to the roadway, and the masses 
on the sides of the arch are built hollow, with a cross-tie partition 
wall between the exterior main walls. 

The parapet is of wrought-iron vertical and parallel bars con- 
nected by a network. 

This bridge was seriously injured by a violent gale, which gave 
so great an oscillation to the main chains that they were dashed 
a^inst each other, and the rivet-heads of the bolts were broken 
off. To provide against similar accidents, a frame-work of cast 
iron tubes, connected by diagonal pieces, was fastened at inter- 
vals between the main chains, by cross ties of wrought-iron rods, 
which passed through the tubes, and were firmly connected with 
the exterior chains. Subsequently to this addition, a number of 
streng timber roadway-bearers were fastened at intervals to those 
of iron, as the iron roadway-bearers were found to have been 
bent, and in some instances broken, by the undulatory motion of 
the bridge in heavy gales. 

The total suspending weight of this bridge, including the main 
chains, roadway, and all accessories, is stated at 643 tons, 15| 
cwt 

The Fribourg bridge of wire thrown acr988 the valley of the 
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Sarine, opposite Fribourg, was erected in 1832 by M. Chcdey^ a 
French engineer.- 

Span . ... 670.32 feet. 
* Veracdsine . 63.26 " 

There are 4 main cables, two on each side of the road, of the 
same eleyation, and about \\ inch asunder. Each cable is com- 
posed of 1056 wires, each about 0.118 inch in diameter, which 
are iinnly connected and brought to a cylindrical shape by a spiial 
wire wrapping. The diameter of the cable vdries from 5 to 5^ 
inches. The cables paas orer 3 fixed puUey's on the top of the 
piers, upon which they are spread out without ligatures, and are 
each attached to two other cables of half their diameter which 
are anchored at some distance from the piers, in vertical pits, 
passing orer a fixed puUey where they enter the moutb of the 
pit. 

The suspendinff-Topes are of wire a size smaHer than that used 
for the cables. Their diameter is nearly 1 inch. They are 
formed with a loop at each end, fastened arounda crupper-shaped 

tiece of cast iron, that forms an eye to connect the rope with the 
ook of the stirrup affixed to the roadway-bearers, and to a saddle- 
piece of wrought iron, for each rope, that rests on the two main 
cables. 

The roadway-bearers are of timber, beingdeeper in the centre 
than at the two ends, the top surface being curved to conform to 
a slight transverse curvature given to the surface of the carriage- 
way ; they are placed about 5 feet between their eentre lines, 
every fourth one projecting about 3 feet beyond the ends of the 
others, to receive an oblique wrought-iron stay to maintain the 
parapet in its vertical position. The carriage-way, which is about 
15| feet Wide, is formed of two thicknesses of plank. The foot- 
paths, which are 6 feet wide, are raised abeve the surface of the 
carriage-way, and rest upon longitudinal beams of large dimen- 
sions, the inner one of which is firmly secured to the roadway- 
bearers by stirrups which embrace them, and the exterior one is 
fastened to the same pieces by long screw-bolts, which pass 
through the top rail of the parapet. The roadway has a slight 
curvature from the centre to the two extremities, along the axis ; 
the centre point being from 18 inches to about 3 feet higher than 
the ends, according to the variations of temperature. The main 
cables at the centre are brought dowi^ nearly in contact with the 
roadway-timbers. 

The parapet is an open-built beam, consisting of a top rail, the 
bottom rail being the longitudinal exterior beam of the footpath, 
and of diagonal pieces which are mortised into the two rails ; the 
whole being secured by the iron bolts that pass through the road- 
way-bearers and the top rail. This combination of Uie parapet» 
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wtth the incligsfiMn Mwarda the ans aS the roadway given to the 
suspending-ropes, givea great stiähess to the roadnay, and cood* 
temcts boUi lateral oecillations and longitudinal undulations. 

Tbe giers consist of two pillars of solid masonry, about 66 feet 
high above the IctcI of the roadway, which are united, at about 
33 feet above the same level, by a fuH centre ärch, having a apan 
of neariy 30 feet, and which forma the top of the gateway leaabg 
to the bridge. 

Hungetford and Lambetk bridge, erected ovei die Thames ' 
upon the plana of Mr. Brunei. 

This bridge, deeighed for foDt-passengers only, haa the widest 
apan of any chain bridge erected up to Ulis period. 
Span . . 676J feet. 

Veraed sine . . 60 " 

The main cbains are 4 in number, two being placed on each 
aide of the bridge, one above the other. Theae chaina are formed 
entirely of long links of flat bars ; the links near the centre of the 
curre having altemately ten and eleven bars in each, and thoae 
neSr Üie piers altemately eleven*and twelve bars. The bars are 
24 feet long, 7 inchea in depth, and 1 inch thick. They are 
connected by coupling-bolla, 4J inchea in diameter, which are 
»ecured at each end by caat-iion nuta, 8 inchea in diameter, and 
2| inches thick. The «tremity of each chain ia connected with 
a cast-iron saddle-piece, by bolts which pass through the verticd 
ribs of the aaddle-piece, of which there are 15. The bottom of 
the saddle reata on 50 friction-roUera, which are laid on a firm 
horizontal bed of caat iron. The aaddle can moTe 18 inchea 
horizontälly, either way from the centre, and thus compensate 
for any inec|uality of atrain on the main chains, either from a load, 
or iirom vanations of temperature. 

The side main-chains are attached in like manner tö the sad- 
dle, and anchored at the other extiemity in an abutment of brick- 
work., The ancfaorage (Fig. 140) is arranged by passing the 
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the ban by keys. The anchoring-plate is retained in its place 
by two strong cast-iron beams, against which the strain upon the 
plateis thrown. 

The suspending-rodB (Fig* 141) are connected with both the 
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npper and lower main-chains ; to the upper by a saddle-piece 
and boltSy and to the coupling-bolt of the lower by an arrange- 
ment of articulations, which allows an easy play to the rods ; at 
bottom (Fig. 142) they are connected by a Joint with a bdt that 
faatens firmly the roadway-timbers. 
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dt top kogitodmal beam fonninf the bottom rail of the 

e, Dott, with a ftrind head to leoeive the endof the aoapending- 

rod, which ia keyed beneath and aecmea the beams, Ae. 
gt WRHishtrinMi horiiflntal diagonal tiea. 



The roadwa^-timbers consist of a strong longitudinal bottom 
beam, upon which the roadway-bearers are notched ; these last 
pieces are in pairs, the two being so far apart that the bolts con- 
necting with the suspendinff-rods by a forked head can pass be- 
tween them ; the flooring-plank is laid upon the roadway-bearers ; 
and a top longitudinal beam, which forms the bottom rail of the 
parapet, is secured to the bottom beam by the connecting holt. 
Wrought-iron diagonal ties are placed horizontally below the 
flooring, to brace me whole of the timbers beneath. 

The roadway is 14 feet wide. It slopes from the centre point 
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along the axis to the extremities, being 4 feet higher in the ceittre 
than at the two last points. 

The piers are in the form.of towers, resembling the Italian 
belfiry. They are of brick, 80 feet high, and so constructed and 
combined witn the top saddles, that they have to sustain no other 
strain than the vertical pressure from the main-chains. 

The whole weight ot the stmcture, with an additional load of 
100 Ibs. per Square foot of the roadway, would throw about 1000 
tons on each pier. The tension on the chains from this load is 
calculated at about 1480 tons ; while the strain they can bear 
withöut impairing their strength is about 5000 tons. 

Monongahela wire Bridge. This bridge, erected at Pittsburgh, 
Penn., upon plans, and under the superintendence of Mr. Roe- 
bling, has 8 bays, varying between 188 and 190 feet in width. It 
is one of the more recent of these structures in the United States. 

The roadway of each bay is supported by two wire cables, of 
4^ inches in diameter, and by diagonal stays of wire rope, at- 
tached to the same point of Suspension as tne cables, ana con- 
necting with different points of the roadway-timbers. The e/ids 
of the cables of each bay are attached to pendulum-bars, by 
means of two oblique^ arms, which are united by joints to the 
pendulum-bars. These bars are suspended from the top of 4 
cast-iron columns, incUning inwards at top, which are there firmly 
united to each other ; and, at bottom, anchored to the top of a 
stone pier built up to the level of die roadway-timbers. The 
' side columns of each frame are connected throughout by an open 
lozenge-work of cast iron. The front columns have a like con- 
nection, leaving a sufficient height of passage-way for foot-pas* 
sengers. 

The frame-work of 4 columns on each side is firmly connected 
at top by cast-iron beams, in the form of an entablature. A car- 
riage-way is left between the two frames, and a footpath between 
the two columns forming the fronts of each frame. 

The points of Suspension of the cables are over the centre line 
of the lootpaths ; and the cables are inclined so far inward that 
the centre point of the cunre is attached just outside of the car- 
riage-way. The suspending-ropes have a like inward inclination, 
the object in both cases being to add stiflSiess to the System, and 
diminish lateral oscillations. 

The roadway consists of a carriage-way 22 feet wide, and two 
footpaths each 5 feet wide. The roadway-bearers are transversal 
beams in pairs, 35 feet long, 15 inches deep,'and 4| inches wide. 
They are attached to the suspendinff-ropes. The floorinff con* 
sists of 2| inch plank, laid longitudindly over the entire roaaway- 
surface ; and of a second thickness of 2| inch oak plank laid 
transversely over the carriage-way. 
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The parapet, which is oa the prmciple of Town's lattice, ex- 
tendfl so &r below the roadway-oearers that they rest and aie 
notched on the loweet choxd ofthe lattice. A second chord em- 
biaces them on top» and finally a thml chord completes the lattice 
at top. The objeot of adopting this form of panypet waa to io» . 
crease the resiatance of the roadway to unduktions. 

MOVEABLE BRIDGES. 

624. The term moveable bridge is commonly applied to a 

tlatform 8u|K>orted by a frame-work of timber, or of cast iron, 
y means of which a commimication can be formed or inter- 
rapted at pleasure, between anytwo points of a fixed bridge, or 
over any narrow water-way. These bridges are generally de- 
noniinated dfxno^bridgeSf but this tenn is now, for the most pari, 
coniined to those moyeable brid^s which can be raised or low- 
ered by means of a horizontal axis, placed either at one extremity 
of the platform, or at some intermediate point between the two 
ends, and a connteipoise which is so connected with the platfonn 
in either case, that the bridge can be easily manoefuvred by a 
small power actinff through the intermec^mn of some suitaUe 
mechanism applied to the counterpoise. The tenn tuming or 
swinging bndge is \ised when the bridge is arranged to tum 
horizontally armmd a yertical axis placed at a point between its 
two ends,.so that the ports on each side of the axis balance each 
odier ; and the term rotitfi^ bridge is applied when the bridge * 
resting upon rollers can be shovcMl forward or baokward bcMizon- 
talW, to open or intemipt the passage. * 

To the abore may be added another class of moveable bridges, 
nsed for the same purpose, which consist of a platform supported 
by a boat, or other buoyant body, which can be placed in or 
withdrawn from the water-way, as circumstances may require. 

625. Local circnmstances will, in all cases, detennine what 
description of moTeable bridge will be best. If the width of the 
water-way is not over 24 feet, a Single bridge may be used ; but 
for greater widths the bridge must consist of two symmetrica! 
parts. 

626« Draw*bridgeSi When the horizontal axis of this de- 
scription of bridge is placed at the extremity of the platform, the 
bridge is manoaurred oy attacfaing a chain to the other extremity, 
which is connected with a counterpoise and a Isuitable mechanism, 
by which the shffht additional power required for raising the 
bridge can be applied. 

A number of ingenious contrivances haVe been put in practice 
for these purposes. They consitt usoadly either of a countep» 
poise of invariable weight, connected with adctitional ankiml mo* 
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tive power, whicfa acta with constant intensity but with a variable 
arm of lever ; or of a counterppise of variable weight, which ie 
assisted by animal moüve power acting with an invariable arm of 
lever. In some cases the bridge is worked with a less compli- 
cated combination, by dispensing with a counterpoise, and ap- 
plying animal motive power, of variable intensity, acting with a 
constant or a variable arm of lever. 

Among the combinations of the first kind, the most simple 
consists in placing a framed lever (Fig. 143) revolving on a hori- 

Fig. 143~4ShowB the maii- 
ner of mamBUvrmg a draw- 
bridge either by a framed 
leyer, or by a coimterpoise 
suspended from a spiral 
eccentric. 

A, abutment. 

a, section oi the idatfonn. 

b, framed lever. 

c, chain attached to the 
ends of the lever ami the 
platform. 

a, rtrat moveable around 
itfllowerend. 

«. bar with an articulation 
lit each end that confines 
the Btrut to the platform. 

/, Spiral eccentnc coonect« 
ed with the coanterpoise 
^ by a chain passing over 
the gurge of the eccentric. 

A, chain for raising the 
bridge,. onereod of which 
18 attached to tlie extre- 
mity of the platform. and 
the other to the azle of 
the eccentric. 

t, fized puiley over which 
the chain k w poesed. 

m, Wheel fixed to the axle 
of the eccentric for the 
puipoee of tuming it by 
means dt animal power 
applied to the endleas 
chain n. 

zontal axis above the platform. The anterior part of die frame 
is connected with the moveable extremity of the platform by two 
chains. The posterior portion, which forms the counterpoise, 
has chains attached to it by which the lever can be worked by 
men. 

When the locality does not admit of this arrangement, the 
chain attached to the moveable end of the platform may be con- 
nected with a horizontal axie above the platform, to which is also 
attached a fixed eccentric of ä spiral shape, (Fig. 143,) connected 
with a chain that passes over its goirge and sustains a counter- 
poise of invariable weight. lipon the same axle an ordinary 
wheel is hung, over the gorge of which passes an endless chain 
to manoeuvre Üie bridge ot animal power. 

Of the combmations oi variable counterpoises the mechanism 

84 
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of H. Poncelet, which ha» beea successfiilW applied in mainr 
instances in France for the dnw-bridgea ot milituy woiks, u 
one of the most simple in ils anangement and constniction. The 
moreable end of tbe platform (Fig. 144} is connected by a com- 




^ to the mafl 

_B»B «heel k flied oa ■ 

P the eudl« chain n 



mon chain, that paaseB orer the gorge of a wheel hune upon a 
horizontal shaft above the platform, witb another chain of variabte 
breadtli, fonned of flat bar links, which forma the counterpoiee. 
l'he chain- counteipoiie ig aUached at its other extremity to a 
fized point in such a way, that when the platform aacends, a por- 
tion of the weight of the chain is bome oy this fixed point ; and 
thus the weight of the counterpoise decreases as the platfonn 
rises. The gyslem is manceuTred by an endlees chain passed 
over the gorge of a «heel hung upon the horizontal shaft. 

For ligbt platforms a counterpoise may be dispensed with, and 
the bridge may be manceuvred dv connecting the chain attached 
to the moTeable end of the platform to a horizontal shaft, which 
is tumed by the usual tootb-work combinations. 

When the locality does not admit of maooeuTring the bridge by 

Flg. laShmn the ar- 
roDEflinent of a draw- 

bridge where thocoOD- 
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the bridge. 
B, chun-idiy to keep 
(he nlatfoim finn whra 
the bidge i* down. 

a chain connected with some point above the frame-work of the 
platfonn, Fig. 145 is continued back, from two thirds to tbree 
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fifths its length» from the face of the abutment, to form a coun- 
terpoise for the platform of the bridse. The horizontal axis of 
the bridge is placed near the face of the abutment, and a well of a 
suitable shape to receive the posterior portion of the platform that 
forms the counterpoise is fonned behind the abutment. 

The mechanism for working the bridge may consist of a chain 
and capstan below the platform-counterpoise, or of a suitable 
combination of tooth-work. 

In bridges of a single platform, the moveable extremity, when 
the bridge is lowered, rests on the opposite abutment, and no 
intermediate support wiU be required for the structure if the 
firame-work be of sufficient strength ; but when a double bridge, 
consisting of two platforms, is used, the platforms (Fig. 143) 
should be supportea near their pioveable ends, when the bridge 
is down, by struts moveable around the Joint by which they are 
connected with the face of the abutments. These struts are 
so connected with the bridge that they are detached from it 
alid drawn up when it is raised, and fall back into their places, 
abutting agamst blocks near the moveable end of the platform, 
when the bridge is down. By these arrangements the chains for 
workine the bridge are relieved from a portion of the strain when 
the bridge is down, and it is also rendered more firm. 

When the counterpoise is formed by the rear pari of the plat- 
form, additional security may be given to the bridge when down 
by attaching two chains beneath Sie platform, and securing them 
to anchoring-points at the bottom of the well. In soroe cases a 
heavy bar, fitted to staples beneath connected with the timbers 
of the platform, is used for the same purpose. 

In double bridges the two platforms when lowered should abut 
against each other, giving a slight elevation to the centre of the 
bridge. This not only gives greater stiffness, but is favorable to 
detaching the platforms when the bridge is to be raised. 

For draw, and every kind of moveable bridge, temporary bar- 
riers should be erected on each side at the entrance upon the 
bridge, to prevent accidents by persons attempting to cross the 
bridge before it is properly secured when lowered. 

627. Tuming-bric^es, These bridges revolve horizontally 
upon a vertical shaft, or gudgeon below the platform, which is 
usually thrown far enouffh back fix>m the face of the abutment to 
place the side of the bridge, wheix brought round, just within this 
lace. The weights of the parts of the bridge around the shaft 
should balance each other. 

To Support and manoeuvre the bridge (Fig. 146) a circular 
ring of iron, or roller-wayj of less diameter than the breadth of 
the bridge, and conoentric with the vertical shaft, is firmly im» 
bedded in masonry. Fixed rollers, in the shape of truncated 
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eones, tre attached at equal distances apart to the firame-woik of 
the platfoim beneath, and rest upon the roller-way. The bridge 




Fig. H^—Reprannli the ainii«NiMiit cf a tum 
«, platfonn of the brit^e. 
ht Yeitical poite to which the hon itays n, n sie 
e, TBrt^al flhaft or gndflMB OB whicfa the Dodfe 
0, o, oonical loUen. 

18 worked by a suitably anangeä tooth-work^ <Mr by a chain and 
capstan. In some caaes cast-iron balls, resting on a grooyed 
roUer-way and fittinff into one of coiresponding shape fixed be- 
neath the platform, have been used for manceuvring the bridge. 

The ends of the bridge are cut in the shape of ciicular aics to 
fit recesses of a coiresponding form in the abutments, so aiianged 
as not ,to impede the play of die bridge. 

In double tuming-briciges the two ends of the platforms which 
come together should be of a curved shape. The platforms 
should be sustained from beneath by struts, like those used for 
draw-bridges, which can be detached and drawn into recesses 
when the passage is inteirupted ; or eise they may be arranged 
with a ball-and-socket Joint at their Jiower extremity, so as to be 
brouf ht round with the bridge. For the purpose ot giying addi- 
tionai strength and security to the bridge, iron stays are, in some 
cases, attached on each side of the platform near the extremities, 
and connected with vertical posts placed in a line with the yerti- 
cal shaft. 

Tuming-bridges may be made either of timber, ar of cast iron ; 
the latter material is the more suitable, as admitting of more ac- 
cur^cy of workmanship, and not being liable to the derancements 
caused by the shrinking or warping of firame-work of tinu)er. 

628. KoUing4nidges» These bridges are placed upon fiied 
rollersy so that they can be moved forward or backward, to inter«* 
rupt, or open the communication across the water-way. The 
part of the. hndet that rests upon the roUers, when the passage 
IS closed, must form a counterpoise to the other. The mechan- 
ism usually employed for manoeuvring these bridges consists of 
tooth-work, and may be so arranged that it can be worked by 
me or more persons Standing on the bridge. Instead of fixed 
Völlers turning on axles, iron balls resting in a grooved roller-way 



* AQVSDUCT-IdllDOBS. . 269 

may be used, a similar roUer-way being affixed to the firame-work 
beneath. 

629. Boat'bridge. A moveable bridge of this kind may be 
made by placing a platfonn to f arm a roadway upon a boat, or a 
water-tight box of a suitable shape. This bridge is placed in, or 
withdrawn from the water-way, as circumdtances may require, a 
suitable recess or mooring bemg airanged for it. near the water« 
way when it is left open. 

A bridge of this character cannot be conVeniently used in tidal 
waters, except at certain stages of the water. It may be em- 
ployed with advantage on canals in positions whei:e a fixed bridge 
could not be placed. 

AQUEDlTCT-BRIDGEa 

630. In aqueducts and aqueduct-bridges of masonry, for sup- 
plying reservoirs for the wants of a city, or for any other puipose, 
the volume of water conveyed being, generally speaking, small, 
the structure will present no peculiar dimculties beyond affording 
a water-tight Channel. This may be made either of masonry, or 
of cast-iron pipes, according to tne quantity of water to be deliv- 
ered. If formed of masonry, the sides and bottom of the Channel 
should be laid in the most careful manner with hydraulic cement, 
and the surface in contact with the water should receive a cpating 
of the same material, particularly if the stone or brick used be 
of a porous nature. This part of the structure should not be 
commenced untilthe arches nave been uncentred and the heavier 
parts of the structure have been carried up and have had time to 
aettle. The interior spandrel-filUng, to the level of the masonry 
which forms the bottom of the water-way, may either be formed 
of solid material, of good nibble laid in hydraulic cement, or of 
beton well settled in layers ; or a system of interior w'alls, Uke 
those. used in common bridges for the support of the roadway, 
may be used in this case for the masonry of the water-way to 
rest on. 

631. In canal aqueduct-bridges of masonry, as the voltime of 
water required for the purposes of navigation is much greater 
than in the case of ordinary aqueducts, and as the structure has 
to be traversed by horses, every precaution should be taken to 
procure great solidity, and secure the work from accidents. 

Segment arches of medium span will generally be found most 
suitable for woriis of this character. The section of the water- 
way is generally of a trapezoidal form, the bottom line being 
horizontal, and the two sides receiving a slight batir ; its dimen- 
sions are usually restricted to allow the passage of a single boat 
at a time. On one side of the water-way a horse or tow path is 
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placed, and on the other a nairow footpath. The water-way 
should be faced with a hard cut-stone masonry, well bonded to 
secure it from damage firom the passage of the boato. The space 
between the facing of the water-way, tenned the trunk of the 

Sueducty and the head-walls, is fiUea in with solid material, either 
rabble or of beton. 

A parapet^wall' of the oidinaiy form and dimensiona surmounts 
the tow and footpaths. 

The approach to an aqueduct-bridge from a canal is made by 
gradually increasing the width of the trunk between the wings, 
which, tor this purpose, usually receiyes a ciirred shape, and 
narrowing the water-way of the canal so as to form a convenient 
access to the aqueduct. Great care should be taken to form a 
perfecdy water-tight junction between the two works. 

632. When cast iron or timber is used for the trunk of an 
»queduct-bridge, the abutments and piers should be built of stone. 
Tne trunk, which, if of cast iron, is formed of plates with flanches 
to connect them, or, if of timber, consists ol one or two thick- 
nesses of plank supported on the outside by a firaming of scant- 
iing, may oe supported by a bridge-frame of cast iron, or of tim- 
ber, or I>e suspended from chains or wire cables. 

The tow*path may be placed either within the water-way, or, 
as is most usually done, without. It generally consists of a sim- 
ple flooring of plank laid on cross-joists supported from beneath 
by suitaUy arranged frame-work. 

633. The foUowing succinct descriptions of some of the aque- 
duct-bridges of the United States and of Europe are deriyed from 
authentic sources. 

Chirk Aquedttct-JHidge over the Ceriog. This work, built by 
Telford, consists of 10 frill centre arches of masonry, of 40 feet 
Span each. The water-way is only 1 1 feet wide and 5 feet deep. 
The tow-path 6 feet wide. 

The piers of this work, which in some places are over 100 feet 
in height, are built hoUow for some distance below the top ; the 
facing being connected by cross-walls upon which the bottom 
of th% water-way, formed of broad iron-nanched plates, and the 
masonry of the sides rest. 

Pont-y-Cystile Aqueduct-bri^e over the Des. This is also 
one of Telford's early works. The trunk is of cast-iron plates 
connected by flanches. These rest upon stone piers and upon a 
bridge-frame of cast iron consisting ot four ribs of solid' panels. 
The span of the ribs is 45 feet and the rise 7|'feet. 

The breadth of the water-way is 11 feet 10 inches. The tow- 
path is 4 feet 8 inches wide, and is placed within the water-way, 
resting upon cast-iron jiprights. 

The canal aqueduct-bridges at Guitin over the AUierj and at 



ff». 



^QUEDUCT-BRIDGES. 371 

Digoin upon the Loire, are among the more recent structures of 
this character in France. They are both built upon the same 
plan, and of mixed masonry. The first has eighteen arches ; 
the«econd eleven. The span of each arch is 52| feet, and the 
rise about 23 feet. The piers are about 10 feet thick at the im- 
post. The breadth of the aqueduct between the heads is 31 feet, 
and that pf the water-way about 16 feet 

Rochester Canal Aqueduct-bridge. This is the most recent 
and the largest aqueduct-bridge built entirely of masonry in the 
United Status. It consists of seven segment arches. Its water- 
way is of sufficient width for the passage of two boats, and is 
adapted to the enlargement of the Erie canal. The span of each 
arch is 52 feet; the rise 10 feet. The key-stone is 2 feet 
6 inches in depth, and the top of it is on a level with the bottom 
of the trunk. The piers are 10 feet thick at the impo&t. The 
water-wäy is 9 feet in depth, the masonry of the sides receiving 
a batir of 2 inches in one foot. The dfepth of water is 7 feet, 
and the width at the water-line 45 feet. The sides of the water- 
way, the top surface of which forms the tow-paths, are 1 1 feet in 
width at top, including the projectioniof the coping. The trunk 
at each extremity is graduaily enlarged, in a curved shape, to the 
width of 55 feet, where it unites with the slopes of the water-way 
of the canal. 

This work is built throuffhout in a very streng and superior 
manner, of heavy blocks oi gray lime-stone laia in hydraulic 
mortar. 

Potomac Canal Aqueduct-bridge. This work, originally in- 
tended to be of stone throughout, was to have consisted of twelve 
oval arches of eleven centres, the span of each being 100 feet, 
and the rise 25 feet. Every third pier forms an abutment-pier, 
and is 21 feet thick at the impost ; the others are only 12 feet 
thick at the same level. The piers have been built upon -the 
original design, but a wooden superstructure, consisting of the 
trunk of the aqueduct, a töw-path, and the frame-work for their 
Support, has been substituted for the stone arches. 

rhe trunk (Fig. 147) is formed of a frame consisting of two 
parallel open-built beams, connected at bottom by parallel cross- 
joists and horizontal diagonal braces, which are sheathed on the 
mterior with plank to form the water-way. 
. Each of the open-built beams is composed of a top and bottom 
string, connected by uprights that project above and below the 
strings, and by single diagonal braces placed between each pair 
of uprights. 

Tue tow-path is placed on the outside of the trunk, and con- 
sists of a flooring laid upon cross-joists placed between one of the 
built beams of the trunk and a third parallel to it. 
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The exterior-built beam of the tow*path is firamed of smaller 
Bcantling than the other two. It is connected with the bu3t 





Fig. 147-^ReprM0iite a cros leeCioa of the tnmk and tow-path of the 
PotoiQac canal aqueduct-bridge. 

A, interittr of trank. 

B, tow-path. 

a, a, uinrights of the open-baiH beanw on the tidei of the trank. 

k, npriffht of the open-bnilt hevn of the tow-path. 

e. lower sthugs of the huilt beanw. 

m, Upper striog. t 

«, craa»-joiets on whksh the sheathing of the bottom of the trank rata. 

n, craaB-joiste of the tow-path. 

m, Teitical diagonal hraoee between the crov JoiBls. 

/, panpet 

beam of the tnink by every fourth cross-joist of the trank, by the 
top cross-joists of the flooring, and by yertical diagonal braces 
placed betweän eaeh pair of top and bottom cross-joists. 

The uprights of the exterior-built beam of the tow-path pro- 
ject suflSciently high above the flooring to form a parapet. 

The frame-work of the tnmk and tow-path is supported at 
intermediate points from beneath by inclined strats which abut 
against the faces of the piers at a point above the high-water 
level. 

The section of the water-way is rectangular. The interior 
width is 17 feet; the height of the sheathing 8 feet 4 inches 
within ; and the depth of water 4 feet 4 inches. 

The surface of the tow-path is 6 feet wide between the uprights 
of the built beams, and is on a level with the top of the sheathing. 
The exterior parapet is 3 feet 10 inches nbove the level of the 
tow-path, and an interior parapet, 2 feet above the same level, is 
formed by a capping on the uprights of the built beam, makiog 
the height of the capping on each side of the trunk 10 feet 4 
inches above the sheathing of the bottom. 

The frame-work of this stracture is simple in its combinations 
and well arranged both for strength and stiffness. 
• Wire Suspension Canal AqueducUbridge over the Alleghany 
river at Pittshurgh, This novel work (Fig. 148) was {danned 
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of Uie tnmk. 
D, low-path. 
• t, onm-Jonb oTÜie tow-piOi. 

r, inclinM mpiiodi ot i. 
( and V, paispcis. 
k, «leBpen on top ol 

and constructed by Mi, Roebling, through wbom the following 
detailed deacription was obtained : 
, " Tbis work is formed of seven spaiis of 160 feet each irota 
centre to centre of pier. The truiw is of wood and 1140 feet 
long, 14 feet wtde at ootlom, 16| feet wide on top ; the sides 8J 
feet deep. These as well as the bottom are composed of a 
double coime of 2| inch white-pine plank laid diagonally, the 
two couraes crossiiw each other at right angles, so as to form a 
solid laltice-work oigreat strength and stiffiiess, sufficient to bear 
its owQ weight and resist the effects of the most violent storms. 
The bottom of the trank rests upon transverse beams, airanged 
in pairg 4 feet apart ; between these the posts which suppoit the 
sides of the tnink are let in with dove-tailed tenons, secured by 
bolts. The outside posts which support the side-walk and tow- 
path iocline outwards and are connected with the beams in a 
sitnilar manner. Each tmnk-post is held by two braces 2^X10 
inches, and connected with the outside posts by a double joist of 
2^x10. The trunk-posts are 7 inches square at the top and 
35 
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7x14 at the h^el. The transverse beams are 27 feet long, 16 
inches deep, and 6 inches wide ; the space between the two ad- 
joining is 4 inches. It will be obserred that all parts of the 
frame, witfa the exception of the posts, are double, so as to admit 
the suspension-rods. Each pair of beams is supported on each 
side of the trunk by double suspending-rods of If inch round 
bar-iron, bent in the shape of a stirrup, and mounted on a small 
cast^iron saddle, which rests on the cable. These saddles are on 
*top of the cables connected by links, which diminish in size from 
the pier towards the centre. The sides of the trunk rest solid 
against the bodies of masonry, which are erected on each pier 
and abutment as bases for the pyramids which support the cables. 
These pyramids, which are constructed of three blocks or courses 
of a durable coarse-grained haitl mountain sand-stone, rise 5 feet 
above the level of the side- walk and tow-path, and measure 3x5 
feet on top, and 4x6^ feet in base. The side-walk and tow-path 
being 7 feet wide, leave 3 feet space outside for the passage of 
the pyramids ; the ample width of the tow and footpath is there- 
fore oontracted dn every pier ; but this arrangement proves no 
inconvenience, and was necessary for the Suspension of the cables 
next to the trunk. 

** As the Caps which coyer the saddles and cables on the pyra- 
mids rise 3 feet above the inside, or trunk-railing, they would 
obstruct the passage of the tow-line ; this however is obviated 
by a slide-rod of round iron, which passes over the top of the cap 
and forms a gradual slope down to the railing on each side of the 
pyramid. 

" The wire cables, which are the main support of the structure, 
are suspended next to the trunk, one on each side. Each of 
these two cables is exactly 7 inches in diameter, perfectly solid 
and compact, and constructed in one piece from shore to shore, 
1175 feet long ; it is composed of 1900 wires öf | inch diameter, 
which are laid parallel to each other. Great care has been taken 
to insure an equal tension of tlie wires. The oxidation of the 
wires is guarded against by a ramish applied to each separately. 
The preservation of the cables is insured by a close, compact, 
and cöntinuous wrapping, made of annealed wire and laid on by 
machinery in the most perfecl manner. 

" The extremities of the cables on the aqueduct do not extend 
below grbund, but connect with anchor-chains, which in a curved 
iine pass through large masses of masonry, the last links occupy- 
ing a vertical position. Thö bars composing these chains aver- 
age lfx4 inches, and are from 4 to 12 feet long; they are 
manufactured of boiler-scsap, and forged in one piece without a 
weW. The Extreme links are anchored to heavy cast-iron plates 
of 6 feet Square, which are held down by the foundations. upon 
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which the v^eight of 700 perches of masonry rests. The stability 
of tbis pai^t of the structure is fiilly insuredy as the resistance of 
the anehorage is twice as great as tlie greatest atrain to which the 
chains can ever be subjected. 

" The plan bf anehorage adopted oft the aqueduct varies mate- 
rially from those methods usaally applied to sjaspension bridges, 
where an open Channel is fonned under ground for the passage 
of the chains. The chains below ground are imbedded and com'» 
pletely suirtmnded by cement In the constraction of the ma- 
sonry this material ai«! common lime-mortar have beeii abundantly 
applied. The bars are painted with rOd lead : their preservation 
is rendered oertcan by the known quality of calcareous cements to 
prevent oxidation. ff moisture should find its way to the chains, 
it will be saturated with lime, and add another calcareous coat- 
ing to the iron. This portion of the work has been executed 
with scrupulous care, so as to render it unnecessary, on the part 
of those who exercise a surveillance over the structure, to examine 
it. The repainting of the cables every two or three years will 
insure their duration for a long period. 

" Where the cables rest on the saddles, their size is increased 
at two points, by introducing short wires and forming swells 
which fit into corresponding recesses of the casting. Belween 
these swells the cable is forcibly held down by three sets of 
streng iron wedges, driven through openings which are cast in 
the sides of the saddle. During the raiäins of the frame-work, 
the several arches were firequenüy subjected to very unequal and 
considerable forces, which never disturbed the balance, and proved 
the correctness of previous calculations. The woodwork in any 
of the arches, separately, may be removed and substituted by new 
material, without afFecting the equilibrium of the next one. 

" The original idea upon which the plan has been perfected, 
was to form a wooden trunky strong enough to support its own 
weight, and stiff enough for an aqueduct, or bridge, and to com- 
bine this structure with wire cables, of a sufiScient strength to 
bear safely the great weight of water. 
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Table of Qmntities on Aqueduct. 



Length of aqueduct without exteasions 
Length of cables 
Length of cables and chains . 
Diameter of cables 
Aggregate weight of both cables 
Section of 4 feet of water in trank 
Total weight of water in aqueduct 
Do. do. in one span 

Weight of one span including all 
Aggregate numl^r of wires in both cables 



1140 feet. 
1175 " 
1283 " 
' 7 inches. 

llOtons. 
59 superf. feet. 
SlOO tons. 

995 " 

420 « 
3800 
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Aggregate sotid seetion of both eaUes ... 63 saperf . inch. 

Uo. do. ftnchor-chaiiM 73 ** 

Deileetion of c&bles 14 feet 6 ineh. 

EleYfttioD from top of Pyramide to top ofpien . 16 " 6 ** 

Weight of water in one span between piere 976 tone. 

Teoeionof cableeresalting from thta weight 393 ** 

TeoBion of one Single wire 806 Ibs. 

Arerage nltimate ttreogtb of one wire 1100 " 

UhimateetrengthofcaUes 3090 tons. 

Tensiott resnlting from weight of water npoa 1 eolid 

•qnare inch of wire eable 14800 Iba. 

Tension resnlting from weight of water npon 1 sqoare 

inchof anchor-ehains 11000 '' 

Pressure resnlting from water npon a pyramid . 1371 tons. 

Do. npon one snperfieiu fi>ot 18400 Ibs." 
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634. In establishiiiff a line of internal conununication of any 
character, whether it oe an ordinaiy road, railroad, or canal, the 
main considerations to which the attention of the engineer must 
be directed in the outset are — 1, the probable character and 
amount of traffic over the line ; 2, the wants of the Community 
in the neighborhood of the line ; 3, the natural features of the 
country, between the points of arrival and departure^ as regaids 
their adaptation to the proposed communication* 

As the last point alone comes exclusiyely within the proyince 
of the engineer's art, and within the limits prescribed to tms woriL, 
attention will be confined solely to its consideration. 

635. Reconnaissance. A tnorough examination and study of 
the ground by the eye, termed a reconnaissancey i9 an indis- 

Eensable preliminary to any more accurate and minute survey 
y instniments, to avoid loss of time, as by this more rapid ope-^ 
ration any ground unsuitable for the proposed line will be as cer- 
tainly detected by a person of some ezperience, as it could be by 
the slow process of an instrumental sunrey. Before bowever pro- 
ceedinff to make a reconnaissance, a careful inspection of the 
general maps of that portion of the country through which the 
communication is to pass, will facilitate, and may considerably 
abridge, the labora of the engineer ; as from the natural features 
laid down upon them, particularly the direction of the water- 
courses, he will at once be able to detect those points which will 
be favorablc, or otherwise^to the general direction selected for 
the line. This will be sumciently evident when it is considered 
— 1, that the water-courses are necessarily the lowest lines of 
the Valleys through which they flow, and that their direction must 
also be tnat of the lines of greatest declivity of their respective 
Valleys ; 2, that from the position of the water-courses the position 
also of the high* groimds by which they are separated naturally 
foUows, as well as the approximate position at least of the ridges, 
or highest lines of the hi^ grounds, which separate their opposite 
slopes, and which are at the same time tlie hnes of greatest de- 
clivity common to these slopes, as the water-courses are the cor- 
responding lines of the slopes that form the Valleys. 

Keeping these facts (wluch are suieeptible of riffld mathemati- 
cal demonstration) in view, it will be'^racticable, trom a careful 
examination of an ordinary general map, if accurately constructed, 
not only to trace, with considerable accuracy, the general direc- 
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tion of the ridges from having tbat of the water-courses, but also 
to detect those depressions in them which will be fayorable to the 
passaee of a communication intended to coimect two main or two 
secondary Valleys. The following illustrations may serve to place 
this subject in a clearer aspect. 

If, for example, it be found that on any portion of a map the 
water-courses seem to diverge fromor converge towarde one point, 
it will be evident that the ground in the first ctse must be the 
common source or supply of the water-courses, and thearefore the 
highest ; and in the second case that it is the lowest, and foims 
their coounon recipient. 

If two water-courses flow in opposite directions from a common 
p<Hnty it vrill show that this is the point from which they derive 
their common supply, at the head of their respective Valleys, and 
that it must be fed by the slopes of high grounds above this point ; 
or, in otherwords, that the Valleys of the two water-courses are 
separated by a chain of high grounds, which, at the point where 
it crosses Uiem, presents a depression in ita ridge, which would 
be the natural position for a communication connecting the two 
Valleys. 

If two water-courses flow in the same direction and parallel to 
each other, it will simply indicate a general indination of the 
lidge between them, in the same direction as that of the water- 
courses. The ridge, however, may present in its course eleva- 
tions and depressions, which will be indicated by the points in 
which the water-courses of the secondary Valleys, on each side 
of it, intersect each other on it ; and these will be the lowest 
points at which Unes of conmiunication, through the secondary 
Valleys, connecting the main water^-courses, woiud cross the divi- 
ding ridge. 

If two water-courses flow in the Mme direction, and parallel 
to each other, and then at a certain pK>int assume divergent direc- 
tions, it will indicate that this is the lowest point of the ridge be- 
tweeen them. 

If two water-courses flow in parallel but opposite directions, 
depressions in the ridge between them will be shown by the 
meeting of the water-courses of the secondary Valleys on the 
ridge ; or by an approach towards each other, at any point, of 
the two principal water-courses. 

Furnished with the data obtained from the maps, the character 
of the ground should be carefuUy studied both ways by the en- 
gineer, nrst from the point of departure to that of arrival, and then 
retuming from the latter to the former, as vrithout this double 
traverse natural features^of essential importance might escape 
the eye. 

636. Survetfs. From the results of the reconnaissance, the 
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engineer will be -able to direct understandingly the requisite sur- 
yeys, which consist in measuring the lengths, determining ^he 
directions, and ascertaining both the longitudiiial and cross levels 
of the different routes, or, as they are termed, trial IvneSy with 
sufficient accuracy to enable him to make a comparative estimate 
both of their practicability and cost. As the expense of making 
the requisite surveys is usually but a small item compared with 
that of constnicting the conununication, no labor shoula be spared 
m running every practicable line, as otherwise natural features 
might be overlooked which inight have an important influenae on 
the cost of construction. 

637. Map and Memair, The result9 of the surveys are ac- 

curately embodied in a map exhibiting minutely the topographical 

features and sections of the different trial lines, and in a memoir 

which should contain a particular description of those features of 

>the ground that cannot be shown on a map, with all such infor- 

mation on other points that may be regsurded as favorable, or 
otherwise, to the proposed communication ; as, for example, the 
nature of the soil, that of the water-courses mct with, &c., &c. 

638. Location of common Roads. In selecting among the 
different trial-lines of the survey the one most suitable to a com- 
mon road, the engineer is less restricted, from the nature of the 
conveyance used, than in any other kind of communication. The 
main points to which his attention should be confined are — 1, to 
connect the points of arrival and departure by the most direct, or 
shortest line ; 2, to avoid unnecessary ascents and descents, or, 
in other words, to reduce the ascents and descents to the smallest 
practicable limit ; 3, to adopt such suitable slopes, or gradients, 
for the aadsy or centre line of the road, as the nature of the con- 
veyance may demand ; 4, to give the axis such a position, with re- 
gaxd to the surface of the ground and the natural obstacles to be 
overcome, that the cost of construction for the excavations and 
embankments required by the gradients, and for the bridges and 
other accessories, shall be reduced to the lowest amount. 

639. Deviations from the right line drawn on the map, between 
the points of arrival and departure, will be often demanded by the 
natural features of the ground. In passing the dividing ridges 
of main, or secondary Valleys, for example, it will frequently be 
found more advantageous, both for the most suitable gradients, 
and to diminish the amount of excavation and embankment, to 
cross the ridge at a lower point than the one in which it is inter- 
sected by the right line, deviating from the right line either 
towards the head, or upper part of the Valley, or towards its out- 
let, according to the aclvantages presealed by the natural features 
of the ground, both for reducing the gradients and the amount of 
excavation and embankment. 
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^Where die right line intersects either a marsh, or water-course, 
it may be found less expensive to change the direction, avoiding 
the marsh, or intersecting the water-course at a point where the 
cost of constructioii of a bridge, or of the approaches to it, will 
be more fayorable than the one in which it is intersected by the 
right Une. 

Chances from the direction of the right line may also be fa- 
vorable for the purpose of avoiding the intersection of secondary 
water-courses ; of gainin^ a better soil for the roadway ; of giv- 
ing a better exposmre of its surface to the sun and wind ; or of 
procuring better materials for the road-covering. 

By a carefiil comparison of the advantages presented by these 
different features, the enrineer will be eni^led to decide how far 
the general direction of me right Une may be departed from with 
advantage to the location. By choosing a more sinuous course the 
length of the line will often not be increased to any yery consider- 
able degree, while the cost of construction may be gready re- 
duced, either in obtaining more favorable gradients, or in lessening 
the amount of excavation and embankment. 

640. When the points of arrival and departm« are upon dif- 
ferent levels, as is usüally the case, it will seldom be practicable 
to connect them by a continual ascent. The most that can be 
done will be to cross the dividing ridges at their lowest points, 
and to avoid, as far as practicable, the intersection of considerable 
secondary Valleys which miffht require any considerable ascent 
on one side and descent on tne other. 

641. The gradients upon common roads will depend upon the 
kind of material used for the road-covering, and upon the State 
in which the road-surface is kept. The gradient in all cases 
should be less than the angle of reposCy or of that inclination of 
the axis of the road in which the ordinary vehicles for transporta- 
tion would remain at a State of rest, or, if placed in motion, would 
descend by the action of gravity with uniform velocity. 

The gradients corresponding to the angle of repose have been 
ascertained by eroeriments made upon the various road-coverings 
in ordinary use, by allowin^ a yehicle to descend alonff a road 
of variable inclination until it was brought to a State of rest by 
the retarding force of friction ; also, by ascertaining the amount of 
force, termed the force oftractioriy requisite to put in motion a 
vehicle with a given load on a level road. 

The following are the results of experiments made by Mr. 
Macneill, in England, to determine the force of traction for one 
ton upon level roads. 
No. 1. Good pavement, the force of traction is .33 Ibs. 

*' 2. Broken stone surface laid on an old flint road 65 " 

« 3. Gravelroad 147 " 
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No. 4. Broken«-8tone surface on a rotigh pavement 

bottom . . * . . . .46 Ibs. 

" 5. Broken-stone suiface on a bottom of beton . 46 '* 

From this it appears that the angle of repose in the firet case 
is represented by yljir, or ^V nearly; and that the slope of 
the road should therefore not be greater than one perpendicular 
to sixty-eight in length ; or that the height to be overcome must 
not be greater than one sixty-eighth of the distance between the 
two points measured along the road, in order that the force of 
friction may counteract that of gravity in the direction of the 
road. 

A similar calculation will ahow that the angle of repose in the 
other cases will be as follows : 

No. 2y . . . . 1 to . . .35 nearly. 
"3, . . . . 1 to . . • 15 " 
" 4 and 5, . . . 1 to . • . 49 " 

These numbers, which giye the angle of repose between -^j 
and rV ^o^ ^^ kinds of road-K^overing Nos. 2 and 4 in most or- 
dinary use, and corresponding to a road-surface in good order, 
may be somewhat increased, to from ^V ^^ tV> ^^^ ^"^ ordinary 
State of the surface of a well-kept road, without there being any 
necessity for applying a brake to the wheels in descending, or 
going out of a trot in ascending. The steepest gradient that can 
be allowed on roads with a broken-stone covering is about f\, as 
this, from ezperience, is found to be about the angle of repose 
upon roads of this character in the State in which they are usually 
kept. Upon a road with this inclination, a horse can draw at a 
wsdk his usual load for a level without requiring the assistance 
of an extra horse ; and ezperience has farther shown that a horse 
at the usual Walking pace will attain, with less apparent fatigue, 
the summit of a gradient of /jV ii^ nearly the same time that he 
would require to reach the same point on a trot oyer a gradient 

of tV 

A road on a dead level, or one with a continued and uniform 
ascent between the points of arrival and departure, where they lie 
upon different levels, is not the most fayorable to the draft of the 
horse. Each of these seems to fatigue him more than a line of 
alternate ascents and descents of slight gradients ; as, for ezam- 
ple, gradients of jijy upon which a horse will draw as heavy a 
load.with the same speed as upon a horizontal road. 

The gradients should in all cases be reduced as far as prac- 
ticable, as the extra exertion that a horse must put forth in over- 
coming heavy gradients is very considerable ; they should as a 
general rule, therefore, be kept as low at least as ^jy wherever 
the ground will admit of it. This can generaUy be effected, even 
in ascending steep hill-sides, by giving the axis of the road a zig- 

36 
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tag diiecdon, coimecting the ttnifffat poitioiis of die zigzags by 
ciicular arcs. The gradients of tne curred partions of the zig- 
zags should be reduced, and the roadway also at diese points be 
widened, for the safety of rehiclea descending imjpidly. The 
width of the roadway may be increased about one lomth, when 
the angle between the straigfat p<»tions of the zigzacs is firmn 
120^ to 9(f; and the increaae should be nearly one half wheie 
the angle is from 90^ to 60"". 

642. Havinf laid down upon the map the araraxiraale location 
of the axis of die road, a ccwipariscm can then oe made between 
the solid contents of the excasrations and embankments, which 
should be so adjusted thal they shall balance eaab other, (»r, in 
other woids, the necessary excavaticms ^all finnish sufficient 
earth to form the embankments. To effect this, it will firequently 
be necessary to alter the first location, by shifting the position of 
the axis to tne rigbt or left of the position first assumed, and also 
by chanffing the gradients within the prescribed limits. This 
is a problem of yery considerable intricacy, whose Solution can 
only be arrived at bv successive approximations. For this pur- 
pose, the line must be subdivided mto seyenü porti<ms, in each 
of which the equalization should be attempted independendy of 
the rest, instead of trying a general equahzadon for the whole 
line at once. 

In the calculations ci solid contents required in balancing the 
excavaUons and embankments, the most accurate method consists 
in subdividing the different solids into others of the most simple 
geometrical forms, as prisms, prismoids, wedges, and pyramids, 
whose solidities are resbdily determined by the ordinary ruies for 
the mensuration of solids. As this process, howeyer, is frequently 
long and tedious, other mediods requiring less time but not so 
accurate, are generally preferred, as their results giye an approx- 
imation sufficiendy near the true for most practical purposes. 
They consist in taking a number of equidistant profiles, and cal- 
culating the solid contents between each pair, either by multiply- 
ing the half sum of their areas by the distance between them, or 
eise by taking the profile at the middle point between each pair, 
and multiplying its area by the same length as before. The 
latter method is the more expeditious ; it giyes less than the true 
solid Contents, but a nearer aj^roximation than the former, which 

g'yes more than the true solid contents, whateyer may be the 
rm of the ground between each pair of cross profiles. 
In caiculating the solid contents, allowance must be made for 
the difference in bulk between the different kinds of earth when 
occupying their natural bed and when made into embankment. 
From some careful experiments on this point made by Mr. Elwood 
Morris, a ciyil engineer, and published in the Franklin Journal, 
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it appears that light sandy earth occupies tlie same space both in 
excavation and embankment ; clayey earth about one tenth less 
in embankment than in its natural bed ; gravelly earth also about 
One twelfth less ; rock in lar^e fragments about fiiise twelfths 
more, and in small fragments about six tenths more. 

643. Another problem connected with the one in question, is 
that of determininff the lead, or the mean distance tö which the 
earth taken from tne excavatione must be carried to form the 
embankments. From the manner in which the earth is usually 
transported from the one to the other, this distance is usually that 
between the centre of gravity of the soUd öf excavation and 
tbat of its corresponding embankment* Whateyer disposition 
may be made of the solids of excavation, it is important, so far 
as the cost of their removal is concemed, that the lead should be 
the least possible. The Solution of the problem under this point 
of view will frequently be extremely intricate, and demana the 
application of all the resources of the higher analysis. One gen- 
eral principle however is to be observed in all cases, in order to 
obtain an approximate Solution, which is, that in the removal of 
the different portions of the solid of excavation to their corre- 
sponding positions on that of the embankment, the paths passed 
over by their respective centres of gravity shall not cross each 
other either in a horizontal, or vertical direction. This may in 
most cases be effected by intersecting the solids of excatatiQn 
and embankment by vertical plaaes in the direction of the re- 
maval, and by removing the partial solids between the planes 
within the boundaries marked out by them. 

644. The definitive locatipn having been settled by affain going 
over the line, and comparing the features of the ground wim the 
results fumished by tiie preceding Operations, general and de- 
tailed maps of the different divisions of the definitive location are 
prepared, which should give, with the utmpst accuracy, the lon- 
gitudinal and cross sections of the natural ground, and of the. ex- 
cavations and embankments, with the horizontal and vertical 
measurements carefullv v^itten upon them, so that the superin- 
tending engineer may have no difficulty in setting out the work 
from them on the ground. 

In addition to these maps, which are mainly intended to guido 
the engineer in regulating the earth-work, detaüed drawings of the 
road-covering, of the masonry and carpentry of the bridges, cul- 
verts, &c., accompanied by written specifications of the manner 
in which the various kind of work is to be perfonned, should be 
prepared for the guidance bpth of the engineer and workmen. 

645. With the data fumished by the maps and drawings, the 
engineer can proceed to set out the line on the ground. The 
axis of the road is dete^mined by pladqg stout stakes, opr pickets, 



it eqml intemls apart, wliidi aie mimbered to cofrespcNid widi 
the samejpoiiits on the map. The width rfdie roadwayandthe 
blies OD tbe groond coiresponding to the aide sic^ies of die exo- 
Tations ftid embankments, are laid oat in the same manner, bj 
stakes jJaced along the hnes of the cross profiles. 
* Besides the nombeis maiked on the stüies, to indicate dieir 
Position on the map, oCher numbers, showing the depth d the 
eicarations, or the height of the embankments firom tiie sm&oe 
of the gi^nnd, accompanied by die letten Cut. FüL to indicate i 
cuttingy or ^LfiUmgy as the case m^be, are also added to goide 
the workmen in their Operations. The positions of the slakes on 
the ffroand, which show the principal points of the axis of the 
roaicC shoukl, moreover, be laid down on the map with great ac- 
curacy, by ascertaining their betrings and distances from any fixed 
and maiked (Ajects in their vicinity, in order that the präts may 
be readily found should the stakes be subseqaently misplaced. 

646. EartfMoark. This term is applied to whatever relates to 
the construction of the excavations and embankments, to pepare 
them for receiring the road-covering. 

647. In forming the excarationSy the inclination of the «de 
slopes demands peculiar attention. This inclination will depend 
on the nature ot the soil, and the acdon of the atmosphere aod 
üttemal moisture upcm it. In common soils, as (»dinaiy gaiden 
earth formed of a mixture of clay and sand, compact clay, and 
compact stony soils, althongfa tbe aide slopes woold withstand 
▼ery well the effects of the weather with a ereater inclination, it 
is best to give them two base to one perpendicular ; as tbe sur- 
iace of the roadway will, by this arrangement, be weil exposed 
to the action of the sun and air, which will cause a rapid eTapo- 
ration of the moisture on the surface. Pure sand and grayel may 
require a greater slope, according to circumstances. In all cases 
where the depth of die excavation is great, the base of the slope 
should be increased. It is not usual to use any artifidal means 
to protect the surface of the aide slopes from the action of the 
weather ; but it is a precaution which, in the end, will sare much 
kbor and expense in keeping the roadway in good order. The 
simplest means which can oe used for this purpose, consist in cor- 
ering the slopes with good sods, (Fig. 149,) or eise with a layer 

Fif. 149-Oaii MCtkn of a md 
mexcavatioiL 

A, rood-«oifaoe. 

B, tide slopeB. 

C, top am&^^hmin. 

af vegetafole mould about four inches thick, carefully laid and 
sown with grass seed. These means will be amply sufficient to 
protect the aide slopes from injury when they are not exposed to 
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any other causes of deterioration than the wash of the rain, and 
the action of frost on the ordinary moisture retained by the soil. 

The side slopes form usually an unbroken surface from the 
foot to the top. But in deep excavations, and particularly in soils 
liable to slips, they are sometimes formed with horizontal offset$, 
termed benches^ which are made a few feet wide and have a ditch 
on the inner side to receiye the surface-water from the portion of 
the side slope above them. These benches catch and retain the 
earth that may fall from the portion of the side slope above. 

When the side slopes are not protected, it will oe well, in lo- 
calities where stone is plenty, to raise a small wall of dry stone 
at the foot of the slopes, to prevent the wash of the slopes from 
being carried into the roadi?^ay. 

A covering of brush wood, or a thatch of straw, may also be 
used with good effect ; but, from their perishable nature, they 
will require frequent renewal and repairs. 

In excavations through solid rock, which does not disintegrate 
on exposure to the atmosphere, the side slopes might be made 
peipendicular ; but as this would exclude, in a great deeree, the 
action of the sun and air, which is essential to keeping me road- 
Burface dry and in good order, it will be necessary to make the 
side slopes with an inclination, varying from one base to one 
perpendicular, to one base to two perpendicular, or even greater, 
accordinff to the locality; the inclination of Üie slope on the 
south side in northem latitudes being greatest, to expose better 
the road-surface to the sun's rays. 

The slaty rocks generally decompose rapidly on the surface, 
when exposed to moisture and the action of frost. The side 
slopes in rocks of this character may be cut into Steps, (Fig. 150») 




and then be covered by a layer of vegetable mould sown in grass 
seed, or eise the earth may oe soddeä in the usual way. 

648. The stratified soils and rocks, in which the strata have a 
dipy or inclination to the horizon, are liable to slips^ or to give 
way bjr one Stratum becominff detached and slidins on another ; 
which is caused either from the action of frost, or from the pres- 
sure of water, which insinuates itself between the strata. Theworst 
soils of this character are those formed of altemate strata of clay 
and sand ; particularly if the clay is of a nature to become semi- 
fluid when mixed with water. The best preventives that can be 



286 KOADS. 

resorted to in these cases, are to adopt a thorougfa mtem of 
drainage, to prerent the surface-water of the ground nrom nin- 
nbg aown tne aide slopes, and to cut off all Springs which nin 
towards the roadway firom the side slopes. The surface-water 
may be cut off by means of a single ditch (Fig. 149) made on 
the up-hill side of the road, to catch the water before it reaches 
the slope of the excayation, and convey it off to the natural 
water-courses most conyenient ; as, in alinost every case, it will 
be found that the side slope on the down-hill side is, compara- 
tively speaking, bot slichtly affected by the surface-water. 

Where slips occur irom the action of Springs, it frequently 
becomes a very difficult task to secure the side slopes. If the 
sources can be easily reached by ezcarating into the side slopes, 
drains formed of layers of fascines, or brush-wood, may be placed 
to give an outlet to the water, and prevent its action upon the 
side slopes. The fascines may be covered on top with good 
sods laid with the crass side beneath, and the excavation made 
to place the drain be filled in with good earth well rammed. 
Drains formed of broken stone, coyered in like manner on top 
with a layer of sod to preyent the drain from becoming choked 
with eartn, may be used under the same circumstances as fascine 
drains. Where the sources are not isolated, and the whole mass 
of the soil forming the side slopes appears saturated, the drainage 
may be effected by excayating trenches a few feet wide at inter- 
yals to the depth of some feet into the side slopes, and filling 
them with broken stone, or eise a general drain oi broken stone 
may be made throughout the whole extent of the side slope by 
excayating into it. When this is deemed necessary, it will be 
well to arrange the drain like an inclined retainin^-wall, yrith 
buttresses at interyals projecting into the earth farmer than the 
ffeneral mass of the dram. The front face of the drain should, in 
this case, also be coyered with a layer of sods with the grass side 
beneath, and upon this a layer of good earth should be compactly 
laid to form the face of the side slopes. The drain need only be 
carried high enough aboye the foot of the side slope to tap all the 
sources ; and it should be sunk sufficiently below the roadway- 
surface to giye it a secure footing. 

The drainage has been effected, in some cases, by sinking 
lyells or shafts at some distance behind the side slopes, from the 
top surface to the leyel of the bottom of the excayation, and lead- 
i'ng the water which coUects in them by pipes into drains at the 
foot of the side slopes. In others a narrow trench has been ex- 
cayated, parallel to the axis of the road, from the top surface to 
a sufficient depth to tap all the sources which flow towards the 
side slope, and a drain formed either by filling the trench whoUy 
with broken stone, or eise by arranging an open conduit at the 
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bottom to receire the water coUected^ over which a layer of 
brushwood is laid, the remainder of the trench belog filled with 
broken stone. 

In some recent instances in England, the side slopes of yery 
bad soils have been secured by a facing of brick. arranged in a 
manner very similar to the method resorted to for secuiing the 
perpendicular sides of narrow deep trenches by a timber-facing. 
The plan pursued is to place, at intervals along the excavation, 
strong buttresses of brick on each side, opposite to each other, 
and to connect them at bottom by a reversed arcb. Between 
these buttresses are placed, at suitable heights, one or more brick 
beams, formed at bottom with a flat segment arch, and at top 
with a Uke inverted arch. The buttresses, secured in this way, 
senre as piers for vertical cylindrical arches, which form tne 
facing and support Üie pressure of the earth between the but- ' 
tresses. 

649. In forming the embankments, (Fig. 151,) the side slopes 




shouM be made with a less inclination than that which thie earth 
naturally assumes ; for the purpose of giving them greater dura* 
bility, and to prevent the width of the top surface, along which 
the roadway is made, from diminishin^ by every change in the 
side slopes, as it would were they made with the natural slope. 
To protect the side slopes more effectually, they should be sod- 
ded, or sown in grass seed ; and the sunace-water of the top 
should not be allowed to run down them, as it would soon wasn 
them into gullies, and destroy the embankment. In localities 
where stone is plenty, a sustaining wall of dry stone may be ad^ 
vantageously substituted for the side slopes. 

To prevent, as far as possible, the settling which takes place 
in embankments, they should be formed with great care ; the 
earth being laid in successive lavers of about four feet in thick- 
ness, and each layer well settlea with rammers. As this method 
is very expenriTe, it is seldom resorted to except in works which 
require ffreat care, and are of trifling eztent. For extensive 
works, the äiethod usually followed on account of economy, is 
to embank out from one end, carrying forward the work on a 
level with the top surface. In this case, as there must be a want 
of compactness m the mass, it would be best to form the outsides 
of the embankment first, and to gradually fill in towards the cen- 
tre, in order that the earth may arrange itself in layers with a dip 
from the sides inwards ; this will in a great measure counterapt 



mty tendeDCT lo slips outward. Tlie foot of the slopes shonU 
be Becuied oy buttressing them either by a low stone waD, a 
by foimi^ a slisht excavation for the same puipose. 

650. When the azis of the roadway ie laid out on ibe üde 
alope of a hill, and the road-sur&ce is foimed paitly by excan- 
ting and paitly by embanluDg out, the usual and luost simple 
method is to eztend out the embankment gradually aloDg the 
whole line of ezcaratiÖD. This method is insecure, and do pains 
therefore should be apared to give the embankment a good foot- 
ing on the natural aurtace upon which it regia, particularly al ibe 
foot of the slope. For Ihia puipose the natural suifttce (Fig. 1S2) 




should be cut into Steps, or offsets, and the foot of ihe slope be 
secured by buttressing it against a low stone wall, oi a small 
terrace of careüüly rammed earth. 

In side-formingB along s natural eurface of great inclinatioo, 
ihe method of constniction just e^lained will not be sufficicnlly 
eecure ; sustaining-walls must be subatituted for the aide slopes, 
both of ihe excavations and embankments. These walls may be 
made simply of dry stone, when the stone can be procured in 
blocks of Bufficient size to render this kind of construclion oi 
Bufficient stabihty to resist the pressure of the earth. But 
when the blocks of stone do not offer this security, they musl 
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be laid in mortar, (Fig. 153,) and bydraulic mortar is the onl] 
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kind which will form a safe construction. The wall which sup- 
plies the slope of the excavation should be carried up as high as 
the natural surface of the ground ; the one that sustains the em- 
bankment should be built up to the surface of the roadway ; and 
a parapet-wall should be raised upon it, to secure vehicles from 
accidents in deviating from the litie of the roadway. 

A road may be constructed partly in excavation and partly ir^ 
embankment along a Tocky ledge, by blasting the rock, when tlie 
inclination of the natural surface is not greater than one perpen- 
dicular to two base ; but with a greater incHnation than this, the 
whole should be in excavation. 

651. There are examples of road cohstructions, in localities 
like the last, supported on a frame-work, consisting of horizontal 
pieces, which are firmly fixed at one end by being let into holes 
drilled in the rock, and are sustained at the other by an inclined 
stmt undemeath, which restß against the rock in a Shoulder 
formed to receive it. 

652. When the excavations de not fumish suffici^it earth for 
the embankments, it is obtained from excavations, termed side^ 
cuttingSy made some place in the vicinity of the embankment, 
from which the earth can be obtained with the most economy. 

If the excavations furnish more earth than is required for the 
embankment, it is deposited in what is termed spoit-bank, on the 
side of the excavation. The spoil-bank should be made at some 
distance back from the side slope of the excavation, and on the 
down-hill side of the. top surface ; and suitable drains should be 
arranged to carry off any water that might collect near it and af- 
fect the side slope of the excavation. 

The forms to be given to side-cuttings and spoil-banks will 
depend, in a great degree, upon the locality : they should, as far 
as practicable, be such that the cost of removal of the earth shall 
be least possible. 

653. Drainage, A System of thorough drainage, by which 
the water that Alters through the ground will be cut off from the 
soil beneath the roadway, to a depth of at least three feet below 
the bottom of the road-covering, and by which that which falls 
upon the surface will be speedily conveyed off, before it can filter 
through the road-covering, is essential to the good condition of a 
road. 

The surface- water is conveyed off by giving the surface of the 
roadway a slight transverse convexity, irom the middle to the 
sides, where the water is received into the gutters, or side chan- 
nelsy from which it is conveyed by Underground aqueducts, termed 
culverts, built of stone or brick and usually arched at top, into 
the main drains that communicate with the natural water-courses. 
This convexity is regulated by making the figure of the profile 
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an ellipse, of which the semi-transverse axis is 15 feet, and the 
semi-conjugate axis 9 inches ; thus placing the imddle of the 
roadway nüie inches above the bottom of the side Channels. This 
conTezity, which is as great as should be given, will not be suffi- 
cient in a flat country to keep the road-sunace dry ; and in such 
localities, if a slight lonffitudinal slope cannot be given to the 
nmdy it should be raised, when practicable, three or four feet 
above the general level ; both on account of conveying off speedily 
the surface-water, and exposing the surface better to the action 
of the wind. 

To drain the soil beneath the roadway in a level country, 
ditches, termed open side drams, (Fig. 154,) are made parallel 
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to the road, and at some feet from it on each side. The bottom 
of the side drains should be at least three feet below the read- 
covering; their size will depend on the nature of the soil to be 
diained. In a cultivated country the side drains should be on the 
field side of the fences. 

As open drains would be soon filled along the parts of a road 
in excavation, by the washings from the side slopes, covered 
drains, built either of brick or stone, must be substituted for 
them. These drains (Fig. 155) consist simply of a flooring of 
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fiagging «tone, or of brick, with two side walls of nibble, or brick 
masonry, which support a top covering of flat stones, or of brick, 
with open joints, ot about half an inch, to give a free passage- 
way to the water into the drain. The top is covered with a layer 
of straw OT brushwood ; and clean gravel, or broken stone, in 
jBmall fragments, is laid over this, for the purpose of allowing the 
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water to filter freely Üirough» to the drain, without carrying with it 
any earth or sediment, which might in time accumulate and choke 
it. The width and height of covered drains will depend on the 
materials of which they are built, and the quantity of water to 
which they yield a passage. 

Besides the longitudinal covered drains in cuttings, other drains 
are made under the roadway which, from their form, are termed 
cross mitre drains, Their plan is in shape like the letter Y, the 
angular point being at the centre of the road, and poiniing in the 
direction of its ascent. The angle should be so regulated that 
the bottöm of the drain shall not have a greater slope along either 
of its branches, than one perpendicular to one hundred base, to pre- 
serve the niasonry from damage by the current, The construc- 
tion of mitre drains is the same as the covered longitudinal drains. 
They should be placed at intervals of about 60 yards from each 
other. 

In some cases surface drains, termed catch-water drains^ are 
made on the side slopes of cuttings. They are run up obhquely 
along the surface, and empty directly into the cross drains which 
convey the water into the natural water-courses. 

When the roadway is in side^forming, cross drains of the or- 
dinary form of culverts are made, to convey the water from the 
side Channels and the covered drains into the natural water- 
courses. They should be of sufficient dimensions to convey off 
a large volume of water, and to admit a man to pass through 
them so that they may be readily cleared out, or even repaired, 
without breaking up the roadway over them, 

The only drains required for embankments are the ordinary 
side Channels of the roadway, with occasional culverts, to convey 
the water from them into the natural water-courses. Great care 
should be taken to prevent the surface-water from running down 
the side slopes, as tney would soon be washed into guUies by it. 

Very wet and marshy soils require to be thorouffhly drained 
before the roadway can be made with safety . The best System 
that can be foUowed in such cases, is to cut a wide and deep open 
main-drain on each side of the road, to convey the water to the 
natural water-courses. Covered cross drains should be made at 
frequent intervals, to drain the soil under the roadway. They 
should be sunk as low as will admit .of the water running from 
them into the main drains, by giving a slight slope to the bottom 
each way from the centre of the road to fäcüitate its flow. 

Independently of the drainage for marshy soils, they will re- 
quire, when the subsoil is of a spongy, elastic nature, an artificial 
bed for the road-covering. This bed may, in some cases, be 
formed by simply removing the upper Stratum to a depth of sev- 
erd feet, and supplying its place with well-packed gravel,.or any 
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Boil of a iinn character. In other eases, when the subsoil yields 
veadily to the ordinary pressure that the road-surface must bear, 
a bed of bnishwood, from 9 to 18 inches in thickness, must be 
Ibrmed to receive the soil on which the road-corering is to rest. 
The brushwood should be carefiiUy selected from the Iod^ straight 
slender shoots of the branches or undergrowth, and be tied up in 
bundles, termed fascines, firom 9 to 12 inches in diameter, and 
from 10 to 20 feet lon^. The fascines are laid in altemate layers 
crosswise and lengthwise, and the layers are either connected bv 
pickets, or eise the withes, with which the fascines are bounci, 
are cut to allow the brashwood to form a miiform and compact 
bed. 

This method of securing a good bed for structures on a weak 
wet soil has been long practised in Holland, and experience has 
Ailly tested its excellence. 

654. Road'coverings. The object of a road-coverinff being 
to diminish the resistances arising from collision and mction, 
and thereby to reduce the force of traction to the least prac- 
ticable amount, it should be composed of hard and durable ma- 
terials, laid on a firm foundation, and present a uniform even 
surface. 

The material in ordinary use forroad-coverings is stone, either 
in the shape of blocks of a regulär form, or of large round peb- 
bles, termed hpavement; or broken into small angulat masses; 
or in the fonn of grarel. 

655. Pavements. The pavements in most ffeneral use in our 
country are constructed oi rounded pebbles, known as paving 
stones, varying from 3 to 8 inches in diameter, which are set in a 
formj or bed of clean sänd or gravel, a foot or two in thickness, 
which is laid upon the natural soil excavated to receive the form. 
The largest stones are placed in the centre of the roadway. The 
stones are carefuUy set in the form, in close contact with each 
other, and are then firmly settled by a heavy rammer until their 
tops are even with the general surface of the roadway, which 
should be of a slightly convex shape, having a slope of about tV 
from the centre each way to the sides. After the stones are 
driyen, the road-surface is covered with a layer of clean sand, or 
fine gravel, two or three inches in thickness, which is gradually 
worked in between the stones by the combined action of the 
travel over the pavement and of the weather. 

The defects ofpebble pavements are obvious, and confinned 
by experience. Tue form of sand or gravel, as usually made, is 
Bot sufficiently firm ; it should be made in separate layers of 
about 4 inches, each layer being moistened and well settled either 
by ramming, or passing a heavy roUer over it. Upon the form 
prepared in this way a layer of loose material of two or three 



inehes in thicknesä may be placed, to receive the ends of the 
paving Btones. From the form of the pebbles, the resistance to 
traction arising from coUision and friction is very great. 

Pavements termed stone tramways have been tried in some of 
the cities of Europe, both for light and heavy traffic» They are 
formed by laying two lines of long stone blocks for the wheels to 
run on, with a pavement of pebble for the horse-track between 
the wheel-tracks. In crowded thoroughfares tramways offer but 
few if any advantages, as it is impracticable to confine the vehicles 
to them, and when exposed to heavy traffic they wear into ruts. 
The stone blocks shoul<i be carefullylaid on a very firm bottoming, 
and particular attention is requisite to prevent ruts from forming 
between the blocks and the pebble pavement. 

Stone suitable for pavements should be hard and tough, and 
not wear smooth under the action to which it is exposed. Some 
yarieties of granite have been found in England to fumish the 
best paving blocks. In France, a very fine-grained compact gray 
Bandstone of a bluish cast is mostly in use for the same purpose, 
but it wears quite smooth. 

The sa^id used for forms should be clean and free from peb- 
bles and gravel of a larger grain than aboiit two tenths of an inch. 
The form should be made by moistening the sand, and com- 
pressing it in layers of about tour inches in thickness, either by 
ramming, or by passing over each layer several times a heavy 
iron roUer. lipon the top layer about an inch of loose sand may 
be spread to receive the blocks ; the Joints between which, after 
they are placed, should be carefully mied with sand. ' 

The sand form, when carefully made, presents a very firm and 
«table foundation for the pavement. 

Wooden pavements, formed of blocks of wood of various 
shapes, have been tried in England and several of our cities 
within the last few years, but are now for the most part aban- 
doned, as the material has been found to decay very rapidly, 
even when prepared with some of the preservatives of timber 
against the rot. 

Asphaltic pavements have undergone a Uke trial, and have also 
been found to fail after a few years service. This material is 
farther objectionable as a pavement in cities, where the pave- 
ments and sidewalks have frequently to be disturbed for the 
purposes of repairing, or laying down sewers, water-pipes, and 
other'necessary conveniences for a city. 

The best System of pavement is that which has been partially 
put in practice in some of the commercial cities of England, the 
idea Ol which seems to have been taken from the excellent mili- 
tary roads of the Romans, vestiges of which remain at the present 
day in a good State. 
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In constnicting this pavement, a bed(f1g. 156) is first pre« 
pared, by removing the surface of the soll to the depth of a foot 
or more, to obtain a firm Stratum ; the surface of this bed re^ 
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ceives a very slight convexity, of abont two inches to ten feet, 
from the centre to the sides of the roadway. If the soil is of a 
soft clayey nature, into which small fragments of broken stone 
would be easily worked by the wheels of rehicles, it should be 
excavated a foot or two deeper to receive a form of sand, or of 
clean fine gravel. On the surface of the bed thus prepared, a 
layer of small broken stone, four inches thick, is laid ; the di- 
mensions of these fragments should not be greater than two and 
a half inches in any direction ; the road is then opened to vehicles 
until this first layer becomes perfectly compact , care being taken 
to fiU up any ruts with fresh stone, in order to obtain a uniform 
surface. A second layer of stone, of the same thickness as the 
first, is then laid on, and treated in the same manner ; and finally 
a third layer. When the third layer has become perfectly com- 
pact, and is of a uniform surface, a layer of fine clean gravel, 
two and a half inches thick, is spread evenly over it to receive 
the paving stones. The blocks of stone are of a square shape, 
and of dinerent sizes, according to the nature of the travelling 
over the pavement. The largest size are ten inches thick, nine 
inches broad, and twehre inches long ; the smallest are six inches 
thick, five inches broad, and ten inches lone. Each block is 
carefuUy settled in the form, by means of a heavy beetle ; it is 
then removed in order to cover the side of the one against which 
it is to rest with hydraulic mortar ; this being done, the block is 
replaced, and properly adjusted. The blocks of the different 
courses across the roadway should break joints. The surface of 
the road is convex j the convexity being determined by makins 
the outer edges six inches lower than the middle, for a width of 
thirty feet. 

This System of pavement fulfils in the best manner all the re- 
quisites of a good road-covering*, plresenting a hard even surface 
to the action of the wheels, and reposing on a firm bed formed 
by the broken-stone bottoming. The mortar-joints, so long as 
they remain tight, will efiiectually prevent the penetration of water 
beneath the pavement ; but it is probable, from the eflFect of the 
transit of heavily-laden vehicles, and from the expansiim and 
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contraction of the stone, which in our climate is found to be very 
considerable, that the mortar would soon be crushed and washed 
out. 

In France, and in many of the large eitles of the continent, the 
pavements are made with blocks of rough stone of a cubical form, 
measuring between eight and nine inches along the edge of the 
cube. These are laid on a form of sand of only a few inches thick 
when the soll beneath is firm ; but in bad soUs the thickness is 
increased to firom six to twelve inches. The transversal joints 
are usually continuous, and those in the direction of the axis of 
the road break joints. In some cases the blocks are so laid that 
the joints make an angle of 45^ with the axis of the roadway, one 
set being continuous, the other breakins joints with them. By 
this anranffement of the joints, it is said that the wear upon the 
edges of the blocks, by which the upper surface soon assumes a 
convex shape, is diminished. It has been ascertained by expe- 
rience, that the wear upon the edges of the blocks is greatest at 
the joints which run transversely to the axis when the blocks are 
laid in the usual manner. From the experiments of M. Morin, to 
ascertain Üie influence of the shape of stone blocks on the force 
of traction, it was found that the resistance offered by a pavement 
of blocks averaging from five to six inches in breadth, measured 
in the direction of üie axis of the roadway, and about nine inches 
in length, was less than in one of cubical blocks of the ordinary 
size. 

Pavements in cities must be accompanied by sidewalks, and 
crossing-places, for foot-passengers. The sidewalks are made 
of large flat fiagginff-stone, at least two inches thick, laid on a 
form of clean gravel well rammed and settled. The width of 
the sidewalks will depend on the street being more or less fre- 
quented by a crowd. It would, in all cases, be well to have them 
at least twelve feet wide ; they receive a slope, or pitch, of one 
inch to ten feet, towards the pavement, to convey the surface- 
water to the side Channels. The pavement is separated from the 
sidewalk by a row of long slabs set on their edges, termed curfh- 
stones, which confine both the flagging and paving stones. The 
curb-stones form the sides of the side Channels, and should for 
this purpose project six inches above the outside paving stones, 
and De sunk at least four inches below their top surface ; they 
should, moreover, be flush with the upper surface of the side- 
walks, to allow the water to run over into the side Channels, and 
to prevent accidents which might otherwise happen firom their 
tripping persons passing in haste. 

The crossinffs shouM be firom four to six feet wide, and be 
slightly raised above the general surface of the pavement, to keep 
them nee firom mud. 
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656. Broken^tone road^covering, The oidinary road-coTer- 
ing for common roads, in use in this country and Europe, is 
formed of a coating of stone broken into small fragments, which 
is laid either upon the natural soil, or upon a paved bottoming 
of small irregulär blocks of stone. In England these two Systems 
hare their respective partisans ; the one claiming the superiority 
for road-covenngs of stone broken into small fragments, a method 
brought into vogue some years since by Mr. McAdam, from whom 
these roads have been termed macadamized ; the other being the 
plan pursued by Mr. Telford in the great national roads con- 
structed in Great Britain within about the same period. 

The subject of road-making has within the last few years ex- 
cited renewed interest and discussion among engineers in France ; 
the ccmclusion, drawn from experience, there generally adopted 
is, that a coTerins alone of stone broken into small fra^ents is 
Sttfficient under me heaviest traffic and most frequented roads. 
Some of the French engineers recommend, in rery yielding 
clayey soils, that either a pared bottoming after Telford's method 
be resorted to, or that the soil be well compressed at the surface 
before placing the road*coyering. 

The paved bottom road-covering on Telford's plan (Fig. 155) 
is formed by excavating the surface of the ground to a suitable 
depth, and preparing the form for the pavement with the precau- 
tions as for a conunon pavement. Blocks of stone of an irregu- 
lär pyramidal shape are selected for the pavement, which, for a 
roaaway 80 feet in width, should be seven inches thick for the 
centre of the road, and three inches thick at the sides. The base 
of each block should not measure more than five inches, and the 
top not less than four inches. 

The blocks are set by the band, with great care, as closely in 
contact at their bases as practicable ; and blocks of a suitable 
size are selected to give the surface of the pavement a slightly 
convex shape from the centre outwards. The spaces between 
ihe blocks are filled with chippings of stone compactly set with 
a small hammer. 

A layer of broken stone, four inches thick, is laid over this 

Svement, for a width of nine feet on each side of the centre ; no 
Lgment of this layer should measure over two and a half inches 
in any direction. A layer of broken stone of smaller dimensions, 
or of clean coarse gravel, is spread over the wings to the same 
depth as the centre layer. 

The road-covering, thus prepared, is thrown open to vehicles 
until the upper layer has become perfectly com[)act ; care having 
been taken to fill. in the ruts with fresh stone, in order to obtain 
a uniform surüace. A second layer, about two inches in depth, 
is then laid over the centre of the roadway ; and the wings re- 
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ceive also a layer of new material laid on fa a sufficient thicknesft 
to make the outside of the roadway nine inches lowsr than the 
centre, by giving a slight convexity to the surface from the centre 
outwards. A coating of clean coarse gravel, one inch and a half 
thick, termed a bindingy is sptead over the surface, and the road- 
covering is then ready to be thrown open to travelling. 

The stone used for the pavement may be of an inferior quality, 
in bardness and strength, tothat placed at the surface, as it is but 
little exposed to the wear and tear occasioned by travelling. The 
surface-stone should be of the hardest kind that can be procured. 
The gravel binding is laid over the surface to facilitate the trav- 
elling, whilst the under Stratum of stone is still loose ; it is, how- 
qver, hurtful, as, by working in between the broken stones, it 
prevents them from setting as compactly as they would otherwise 
do. 

. If the roadway cannot be paved the entire width, it should, 
. at least, receive a pavement for the width of nine feet on each 
side of the centre. The wings, in this case, may be formed 
entirely of clean sravel, or of cnippings of stofie. 

For roads which are not much travelled, like the ordinary cross 
roads of the country, the pavement will not demand so much 
care ; but may be made oi any stone at band, broken into frag- 
ments of such dimensions that no stone shall weigh over four 

Sounds. The surface-coating may be formed in the manner just 
escribed. 

657. In forming a road-covering of broken stone alone, the 
bed for the covering is arrangied in the same manner as for the 
paved bottoming : a layer of the stone, four inches in thickness, 
IS carefully spread over the bed, and the road is thrown open to 
vehicles, care being taken to fill the ruts, and preserve the sur- 
face in a uniform State until the layer has become compact; 
successive layers are laid on and treated in the same manner as 
the first, until the covering has received a thickness of about 
twelve inches in the centre, with the ordinary convexity at the 
surface. 

658. W^ere good gravel can be procured the road-covering 
may be made oi this material, which should be well screeneo, 
and all pebbles found in it over two and a half inches in diame- 
ter should be broken into fragments of not greater dimensions 
than these. A firm level form naving been prepared, a layer of 

fravel, four inches in thickness, is laid on, and, when this has 
ecome compact from the travel, successive layers of about three 
inches in thickness are laid on and treated like the first, until the 
covering has received a thickness of sixteen inches in the centre 
and the ordinary convexity. 

659. As has been akeady stated, the French civil engine^n 
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do not regard a paved bottoming as essential for broken-stone 
road-coverings, except in cases of a veiy heavy traffic, or where 
the substratum of the road is of a very yielding character. 
They also give less thickness to the road-covering than the 
English engineers of Telford's school deem necessaiy ; allowing 
not more than six to eight inches to road-coverings for light 
traffic, and about ten inches only for the heaviest tramc. 

660. If the soil upon which the road-coyering is to be placed 
is not diy and firm, they compress it by roUing, which is done 
by passing over it several times an iron cylinder, about six feet 
in aiameter, and four feet in length, the weight of which can be 
increased, by additional weights, firom six thousand to about 
twenty thousand pounds. The road material is placed upon the 
bed, when well compressed and levelled, in layers of about four 
inches, each layer being compressed by passing the cylinder 
several times over it before a new one is laid on. If the Opera- 
tion of roUing is performed in dry weather, the layer of stone is 
watered, and some add a thin layer of clean sand, firom four to 
eiffht tenths of an inch in thickness, over each layer before it is 
roUed, for the purpose of consolidating the surface of the layer, 
by fiUini^ the voids between the broken-stone firagments. After 
the suriace has been well Consolidated by roUing, the road is 
thrown open for travel, and all ruts and other displacement of 
the stone on the surface are carefuUy repaired, by adding fresh 
material, and levelling the ridges by ramming. 

Great importance is attached by the French engineers to the 
use of the iron cylinder for compressing the materials of a new 
road, and to minute attention to daily repairs. It is stated that 
by the use of the cylinder the road is presented at once in a 
good travelUng condition ; the wear of the materials is less than 
by the old method of graduaUy consolidating them by the trarel; 
the cost of repairs during the first years is diminished ; it gives 
to the road-covering a more uniform thickness, and admits of its 
being thinner than in the usual method. 

661. Materials and Repairs, The materials for broken-stone 
roads should be hard und durable. For the bottom layer a soft 
stone, or a mixture of hard and soft may be used, but on the 
surface none but the hardest stone will withstand the action of 
the wheels. The stone should be carefully broken into firag- 
ments of nearly as cubical a form as practicable, and be cleansed 
from dirt and of all very small fragments. The broken stone 
should be kept in depots at convenient points along the line of 
the road for repairs. 

Too great attention cannot be bestowed upon keeping the 
road-sunac'e free from an accumulation of mud and eyen of dust. 
It should be constantly cleaned by scraping and sweeping« The 



ROABS^ SMt 

repairs shotild be daily made by adding firesh material ttpon all 
points where holiows or ruts commence to form. It is recom- 
^nended by some thät when £resh material is added, the surface 
on which it is spread should be broken with a pick to the depth 
of half an inch to an inch, and the fresh material be well settled 
by ramming, a small quantity of clean sand being added to make 
the stone pack better. Wnen not daily repaired by persona 
whose sole business it is to keep the road in cood order, general 
repairs should be made in the months of October and April» 
by removing all accumulations of mud, cleaning out the side 
Channels and other drains, and adding fresh material where re- 
quisite. 

The importance of keeping the road-surface at all times free 
from an accumulation of mud and dust, and of preserving the 
surface in a uniform State of evenness, by the daüy addition of 
fresh material wherever the wear is sufficient to call for it, can- 
not be too strongly insisted upon. Without this constant super- 
Vision, the best constructed road wiU, in a short time, be unfit 
for travel, and with it the weakest may at all times be kept in a 
tolerably fair State. 

. 662. Gross dimensians of roads. A road thirty feet in width 
is amply sufficient for the carriage-way of the most frequented 
thorougnfares between cities. A width of forty, or even sixty 
feet, may be given near cities, where the greater part of the 
transportation is efifected by land. For cross roads, and others 
of minor importance, the width may be reduced according to the 
nature of the case. The width should be at least sufficient to 
allow two of the ordinary carriages of the country to pass each 
other with safety. In all cases, it should be bome in mind, that 
any unnecessary width increases both the first cost of construc- 
tion, and the expense ef annual repairs. 

Very wide roads have, in some cases, been used, the centre 
part only receiving a road-covering, and the wings, termed sum^ 
mer roadsy being formed on the natural surface of the subsoil. 
The object of this System is to relieve the road-covering from 
the wear and tear occasioned by the lighter kind of vehicles du- 
ring the sunmier, as the wings present a more pleasant surface 
for travelling in that season. But little is gained by this system 
under this point of view ; and it has the inconvenience of form- 
ing during the winter a large quantity of nuid which is very in- 
jurious to the road-covering. 

There should be at least one foot-path, from five to six feet 
wide, and not more than nine inches higher than the bottom of 
the side Channels. The surface of the foot-path should have a 
pitch of two inches, towards the side Channels, to convey its 
surface water into them. When the natural soil is firm and 
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Sandy, or gravelly, ito surface will senre for the foot-path ; bat 
in otfaer cases the natural soil must be thrown out to a depth of 
six'inches, and the excavation be fiUed with fine clean crayel. 

To prerent the foot-path from being damaged by the current 
of water in the aide cnannela, its aide slope, next to the side 
Channel, must be protected by a facing of good sods, or of dry 
stone. 

As it is of the first importance, m keeping the road-way in a 
ffood trayelling State, that its surface should be kept dry, it will 
be necessaiy to remoye from it, as far as practicable, aÜ objects 
that might obstruct the action of the wind and the sun on its 
surface. Fences and hedges along the road should not be higher 
than fiye feet ; and no trees should be suffered to stand on the 
road-side of the side drains, for independently of shading the 
road-way, their roots would in time throw up the road^coy- 
ering. 
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RAILWAYS. 

663. The great resistance offered to the force of traction on 
common roads, where the traffic is of a heavy character, natu- 
rally suggested the idea of trying other means, which would 
afford a more even and durable track for the wheels than the 
road-coverings in ordinary use. Various methods have been re- 
tforted to, with greater or less success, to accomplish this object : 
in some instances tracks have been formed of long narrow stone 
blocks ; in others, heavy beams of timber, covered on the sur- 
face with sheet iron to protect thetn firom wear, have been used ; 
and finally, both the stone and wooden ways were replaced by 
iron plates and bars, and that System of road-covering, now so 
well known as the railway, or railroad, has been the result. 

For these successive stages of improvement, by which, in the 
short period of less tfaian a quarter ot a Century, so great a revo- 
lution has been made both in the speed and the £^mount of trans- 
portation on land, by means which bid fair to supersede every 
other, the civilized world is indebted to England, in whose im- 
ning districts the railway System first sprung up. 

664. A railway y or railroad, is a track for the wheels of vc- 
hicles to run on, which is form^ of iron bars placed in two 
parallel lines and resting on firm Supports. 

665. Raus, The iron ways first laid down, and termed tram" 
xoays, were made of narrow iron plates, cast in short lengths, 
with an upright flanch on the exterior to confine the wheel within 
the track. The plates were found to be deficient in strength, 
and were replaced by others to which a vertical rib was added 
under the plate. This rib was of uniform breadth, and of the 
shape of a semi-ellipse in.elevation. This form of tramway, 
although superior in strength to the first, was still found not to 
work well, as the mud wmch accumulated between the flanch 
and the surface of the plate presented a considerable resistance 
to the force of traction. To obviate this defect, iron bars of a 
semi-elliptical shape in elevation, which received the name of 

Fig. 157— Repreaents b crosB seckion a. of the fiah-bel- 
fied rail of the Liverpod and Manchester Railwaj, 
and the metliod in which it is secnred to its chair. 
The rail ia formed with a alight nntjection at bot- 
tom, which fits into a conesponding notch in the 
(ride of the chair h. An iron wedge e is inserted 
into a notch on the opponte aide of the chair, and 
confines the rail in ita plaice. 

edge railsj were substituted for the plates of the tramway. The 
cross sections of these rails were of the form shown in Fig. 157, 
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the top surface being slightly convex, and sufficiently broad to 
preserve the tire of the wheel from wearing uncvenly. This 
change in the form of the rail introduced a corresponding one in 
the tires of the wheels, which were made with a flanch on the 
interior to confine them within the rails of tbe track. 

The cast-iron edge-rail was found upon trial to be subject to 
many defects, arising from the nature of the material. As it 
was necessary to cast the rails in short lengths of three or four 
feet, the track presented a number of Joints, which rendered it 
extremely difficult to preserve a uniu>rm surface. The rails 
were found to break readily, and the surface upon which the 
wheels ran wore unevenly. These imperfections finally led to 
the Substitution of wrought-iron for cast-iron. 

666. The wrought-iron rails first brought into use receiyed 
nearly the same shape in cross section and eievation as the cast- 
iron rail. They were formed by roUing them out in a rolling- 
mill so arraoged as to give the rail its proper shape. The lengu 
of the rail was usually fifteen feet, tne bottom of it (Fig. 158) 

Fi|(. 158— Repreflents a aide eievation of a por- 
tk» of a fin-bellied raiL 

Eresenting an undulating outline so disposed as to giye the rail a 
earing point on Supports placed three feet apart between their 
centres, This form, kjiown as the fish-helly rail, was adopted 
as presenting the ffreatest strength for the same amount of metaL 
It nas been found on trial to be liable to some inoonveniences. 
The rails break at about nine inches from the supports, or one 
fourth of the distance between the bearing points, and from the 
curved form of the bottom of the rail they do not admit of being 
supported throughout their length. 

667. The form of rail at present in most general use is 
known by the name of the parallel^ or straight rail, the top and 
bottom of the rail being parallel ; or as the T, or H rail, from the 
form of the cross section. 

A yariety of forms of cross section are to be met with in the 
parallel rail. The more usual form is that (Fig. 159) in which 



Fi^. 159— Represents a cross sec- 
tion a of a parallel rail of the 
form generally adopted in the U. 
States. The rail is confined to 
its chair b by two wooden keys e 
on each äde, which are formed 
of hard compseased wood. 



the top is shaped like the same part in the fish-belly rail, the 
bottom being widened out to give the rail a more stable seat on 
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its supportö. In some cases the top and bottom are made älike 
to admit of turning the rail. The greatest deviation from the 
usual form is in the rail of the Great Western Railway in Eng- 
land, (Fig. 160.) 

Fig. 160— RepresentB a croas Bection of the rail of the 
Great Western Railway in England. This rail is laid 
on a continuous support. and is fastened to it by screws 
on each side of the rail. A piece of taned feit was 
inserted between the base of tne rail and its support 

The dimensions of the cross section of a rail should be such 
that the deflection in the centre between any^two points of sup- 
port, caused by the heaviest loads upon the track, should not be 
so great as to cause any very appreciable increase of resistance 
to the force of traction. The greatest deflection, as laid down 
by some writers, should not exceed three hundredths of an inch, 
for the usual bearing of three feet between the points of sup- 
port. The top of the rail is usually about two and a half inches 
oroad, and an inch in depth. This has been found to present a 
good bearing surface for the wheels, and sufficient strength to 
prevent the top from being crushed by the weight yon the rail. 
rhe breadth of the rib varies between three fourths of an inch to 
an inch ; and the total depth of the rail from three to five inches. 
The thickness and breaath of the bottom have been varied ac- 
cording to the strength and stabiUty demanded by the traflic. 

668. Supports. The rails are laid upon supports of timber, 
or stone. The supports should present a firm unjrielding bed to 
the rails, %o as to prevent all displacement, either in a lateral or 
a vertical direction, from the pressure thrown upon them. 

Considerable diversity is to be met with in the practice of 
engineers on this point. On the earlier roads, heavy stone 
blocks were mostly used for supports, but these were found to 
require great precautions to render them firm, and they were, 
moreover, liable to split from the means taken to connne the 
rails to them. Timber has, within late years, been cenerally 
preferred to stone. It afFords a more agreeable road for travel, 
and gives a better lateral support to the rails than stone blocks. 

The usual method of placing timber supports is transversely 
to the track. Each support, termed a sleeper, or cross-tiey being 
formed of a piece of timber six or eight inches Square. The or- 
dinary distance between the centre Imes of the supports, is three 
feet for rails of the usual dimensions. With a greatqr bearing, 
rails of the ordinary dimensions do not present sufficient stiflhess. 
The sleepers, when formed of round timber, should be squared 
on the Upper and lower surface. On some of the i;ecent railways 
in England, sleepers presenting in cross section a right-angled 
triangle have been used, the right angle being at the bottom. 
They are represented to be more convenient in setting, and to 
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cffer a more staUe support than those of the usnal fonn. The 
sieepers are placed either upon the baUasting of the roadway, or 
upon lonsitudinal beams laid beneath them along the Une oi the 
rails. The latter is now the more usual practice with us, and is 
indispensable upon new embankments to prevent the ends of 
the sieepers firom settling unecjually. Thick plank, about eight 
inches broad and three or four inches thick, is usuaUy employed 
for the longitudinal supports of the sieepers. 

On some of the more recent railways in England, the rails 
have been laid upon longitudinal beams, presenting a continuous 
support to the rail, the beams resting upon cross-ties. 

669. Chairs. The rails are firmly fastened to their supports by 
cast-iron chairs, (Figs. 157, 159,) wrought-iron spikes, or screws. 
The chair is cast in one piece, and consists of a bottom-plate, upon 
which the rail resta, ana two aide pieces between ivhich the rail is 
confined by wedges of iron, or of wood. The chairs are fastened 
to the supports by iron bolts, or wooden pins. A variety of 
forms have been ffiven to the chairs, and different methods adopt- 
ed for confining the rail firmly withüi them. Iron wedges having 
been found to work loose, wooden wedges, or keys, have been 
substituted for them. They are made of kilh-dried timber, and 
are forced through cutters, by which they receive the proper 
shape, and are at the same time strongly compressed. The key, 
prepared in this manner, gradually swells by imbibing moisture 
after being inserted, and forms a very strong fastening. Chairs 
are generally placed upon each support. In some .cases they 
are only placed at the points of junction of the rails ; iron spikes 
with a beut head being driven into the supports, to confine tbe 
rails at the intermediate points between the chairs. 

A Joint of sufficient width is left between the ends of the rails, 
to allow for the expansion of the bars. Various methods of 
fbrming this Joint have been tried ; the more usual forms are the 
Square Joint, and the oblique Joint. 

670. BaUast, A covering of broken stone, of clean coarse 
ffravel, or of any other material that will allow the water to 
drain off freely, is laid upon the natural surface of the excavations 
and embankments, to form a firm foundation for the supports. 
This has received the appellation of the ballast. Its thickoess 
is firom nine to eighteen inches. Open or broken-stone drains 
ishould be placed beneath the baUasting to convey off the surface 
water. The parts of the ballasting upon which the supports 
rest should be well rammed, or rolled ; and it should be well 
packed beneath and around the supports. After the rails are 
laid, another lajer d broken stone or gravel should be added, 
the surface of which should be slightly convex and about three 
inches below the top of the rails. ^ 
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671. Temporary raflways of wood and irori, On the fiist 
introdoction of railways into the United States, the tracks wefe 
formed of flat iron bars laid upon longitudinal beams. The iron 
bars were about two and a half inches in breadth, and from one 
half to three fourths of an inch in thickness, the top surface 
being slightly convex. They wejre placed on the lonritüdinal 
beams, a little back from the inner edge, the side of the beam 
near the top being beyelled off, and were fastened to the beam 
by screws or spikes, which passed through elliptical holes with 
a countersink to receive the heads of the spikes ; the holes re- 
ceiving this shape to allow of the conträction and expansion of 
the bar, without disjilacing the fastenings. The longitudinal 
beams were supported by cross sleepers, with which they were 
connected by wedges that confined the beams in notches cut 
into the sleepers to receive them. The longitudinal beams were 
nsually about six inches in breadth, and nine inches in depth, 
and in as long lengths as they could be prociured. The jomts 
between the bars were either Square or oblique, and a piece of 
iron or zinc was inserted into the beams at the Joint, to prevent 
the end of the rail from being crushed into the wood by the 
wheels. 

In some instances the bars were fastened to long stone blocks, 
but thiä method was soon abandoned, as the stone was rapidly 
destroyed by the action of the wheels ; besides which, the rigid 
nature of the stone rendered the travelling upon it excessively 
disagreeable. 

This System of railway, whose chief recommendation is eco- 
nomy in the first cost, has gradually given place to the solid rail. 
Besides the want of durability of ine structure, it does not pos- 
sess sufficient strength for a heavy traffic. 

672. Gange, The distance between the two lines of rails of 
a track, termed the gauge^ which has been adopted for the great 
majority of the railways in England, and also with us, is 4 feet 
8^ inches. This gauge appears to hare been the result of 
chance, and it has been foilowed in the great miajority of cases 
up to the present time, owing to the inconvenience tnat would 
arise from the adoption of a different gauge upon new lines. 
The greatest deviation yet made from the establisned gauge is in 
that of the Great Western Railway, in which the gauge is seven 
feet. Engin^rs are generally agreed that a wider gauge is de- 
sirable, as with it the wheels of railway cars could be made of 
greater diameter than they now receive, and be placed outside 
of the cars instead of under them as at present ; the centre of 
gravity of the load might be placed lower, and more steadi- 
ness of motion and greater security at high velocities be at- 
tained. 
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In a double track the distance between the two tracks is gen- 
.erally the same as the gauge; a&d the distance between the 
outaide lail of a track, and the sides of the excayatian, or em- 
.bankment, is aekiom made greater than six feet, as this is demned 
sufficient to prevent the cars from going over an embankment 
were they to run off the rails. 

673. On all straight portions of a txack, the suppoits should 
be on a level transversely, and parallel to tjie plane of the track 
longitudinally. The top sur&ce of the rail should incline in- 
wardy to confonn to tne conical form of the wheels ; this is 
now usually effected by giying the chair the requisite pitch, or 
by forming the top surface with the requisite bevel for this pur- 
pose. 

674. Curves. In the cunred portions of a track the centri- 
fiigal force tends to force the carriage towards the outside lail 
of the curve. Tliis action of the centrifugal force is counter- 
actedy to a certain extent, by the conical form of the wheels, 
which, by causing them to ruu on une(}ual diameters so soon as 
they enter a curve, inclines the car mward. Within certain 
limits of the radius of cunrature, the amount of the force by 
which the car is impelled towards the centre of the curve, by 
this change in the cuameter of the interior and exterior wheels, 
will be siuicient to counteiact the centrifugal force which urges 
it outward. With wheels of the diameter and shape at present 
in general use, the usual gauge of track, and play between the 
flanch of eaich wheel and me side of the rail, the least radius of 
curvature which will prevent the flanch of the exterior wheel 
from being brought into contact with the side of the rail, is found 
to be about 600 feet. To prevent actual contact and offer per- 
fect security, the radius allowed should not be less than 1000 feet, 
when the exterior and interior rails are on the same level trana- 
yersely. As on curves with a smaller radius than 1000 feet, 
the flanch of the wheel might be driven against the rail, and the 
car be forced from the track, it will be requisite to provide 
against this by raising the exterior rail higher than the interior, 
so that by thus placing the wheels on an incUned plane, the 
component of eravity, opposed to the centrifugal force, added to 
the lorce which impels the car inward when running on wheels 
of unequal diameter, may balance the centrifugal force. From 
the above condiüons of equilibrium, the elevatio^ which the ex- 
terior rail should receive above the interior can be readily cal- 
culated. The method more usually adopted, however, is to 
.neglect the effect of the conical form of the wheel, in counter- 
acting the action of the centrifugal force within certain limits, 
and to give the exterior rail an elevation sufficient to prevent the 
flanch of the wheel from being driven against the side of the rail, 



1UILWAT8. 



307 



when the car is moving at the highest supposed velocity ; or^ in 
oüier words, to give the inclined plane across the track, on whicb 
the wheels rest, an inclination such that thei tendency of the 
wheels to slide towards the interior rail shall alpne counteract 
the centrifugal force. 

675. SiaingSy ^c. On single lines of railways short portions 
of a irack, tenned sidingSj are jdaced at convenient intervals 
along the main track, to enable cars going in opposite directions 
to cross each otlier, one train pässing into the siding and stöp- 
ping while the otber proceeds on the main track. On double 
lines anrangements, termed crossinffSy are made to enable trains 
to pass firom one track into the otner, as circumstances may're- 
quure. The position of sidings and their length will depend 
entirely on local circumstances, as the length of the trains/ thie 
number daily, &c. 

The manner geneially adopted, of connecting tlie main. track 
with a siding, or a crossing, is veiy simple. It consists (Fi^. 
161) in having two short lengths of the opposite rails of the mäin 

Fig. 161— Repremts 
the slidiM BwiteneB, 
or rails, ror conxkect- 
ing amding with the 
main trade. 

a, a, rails connected 
by an inm rod 6, uf 
whkk they ean he 
tomed arouttd the 
joints OfO» 

Ct e, rails of main 
tiaok. 

if, d, raÜB of flidis^. 

track, where the siding or crossing joins it, moveable around 6np 
of their ends, so that the othet can be displaced from the line oif 
the main track, and be joined with that of the siding, pr crossing, 
on the passage of a car out of the main track. These moveable 
portions of rails are connected and kept parallel by a long croäs 





It A Uf 




N 



Fi^. 103— Represents a plan M« and section N, of a Haed crosBinc plate. The ptata. A 
M of cast-iron, with Tertical ribs c* e, on the bottom, to give it the reqoisite atrangth. 
Wrought-iran bars a, a, placed m the lines of the two inteneeüng rails if. if, vn 
flnnly screwed to the plate ; a sumoiant ^pnee being loft betwean them ^uidufrnllf 
Ibr the flanch of the wfaeel to paas. 
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bolt, to the end of which a vertical lever is attached to draw 
them forward, or shore them back. 

At the point where the rails of the two tracks intersect, a cast« 
iron plate, termed a cro^sing-vlate (Fig. 162) is placed to con- 
nect the rails. The surface of the plate is arranged either with 
grooves in the lines of the rails to admit the flanch of the wheel 
in passinff, the tire running upon the surface of the plate ; or 
wrought-iron bars are aflSxed to the surface of the plate for the 
same purpose. , 

The angle between the rails of the main tracks and those of a 
siding or crossing, termed the angle of deflecHon, should not be 
greater than 2^ or 9^. The connecting rails beiween the straight 
portions of the tracks should be of me shape of an S curre, in 
Order that the passage may be gradually effected. 

676. Tum-plates, Where one track intersects another under 
a considerable angle, it will be necessary to Substitute for the 
oidinary method oi connecting them, wha^ is termed a tum-platef 
or tum-table. This consists of a streng circular platform of 
wood or cast-iron, moreable around its centre by means of coni- 
cat rollers beneath it running upon iron roUer-ways. Two rails 
are laid upon the platform to receive the car, which is transferred 
from one track to. the other by tuminff the platform sufficiently 
to place the rails upon it in the same line as thoite of the track 
to De passed into. 

677. StreeUcronings* When a track intersects a read, or 
üreet, upon the same level with it, the rail must be guarded by 
cast-iron plates laid on each side of it, sufficient Space being lett 
between them and the rail for the play of the flanch. The top 
of the plates should be on a lerel with the top of the rail. 
Wherever it is practicable a drain should be placed beneath, to 
receive the mud and dust which, accumulating between the plates 
and rail, might interfere with the passing of the cars along the 
rails. 

678. Gradients. From various experiments upon the frictioa 
of cars upon railways, it appears that the angle of repose is 
aböut j}t9 hut that in descending gradients much steeper, the 
relöcity due to the accelerating force of gravity soon attains its 
nreatest limit and remains constant, from the resistance caused 
by the air. 

The limit of the yelocity thus attained upon gradients of any 
degree, whether the train descends by the action of gravity alone, 
or by the combined action of the motive power of the engine 
and gravity, can be readily determined for any given load. From 
calculation and ezperiment it appears that heavy trains may de- 
acend gradients of j^r, without attaining a greater velocity than 
about 40 or 50 mües an hour, by allowing them to run freely. 
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vithout ftpplying the brake to check the speed. By the appU- 
cation of tne brake, the velocity may be kept within any limit 
of safety upon much steeper gradients. The only question, then, 
in comparing the advantages of different gradients, is one of the 
cömparative cost between the loss of power and speed, on the 
one hand, for ascending trains on steep gradients, and that of the 
heavy excavations, tunnels, and emoankments, on the othei, 
which may be required by lighter gradients. 

In distributing the graqients along a line, engineers are gener- 
ally agreed that it is more advantageous to have steep gradiente 
upon shcnt portions of the line, than to overcome the same dif- 
ference of level by gradients less steep upon longer develop- 
xnents. 

679. In steep gradients, where locomotive power cannot be 
employed, stationary power is used, the trains being dragged up, 
or Iowered, by ropes connected with a suitable mechanisni, 
wprked by stationary power placed at the top of the plane. 
The Inclined planes, with stationary power, generally receive a 
uniform slope throu^hout. The portion of the track at tlie top 
and bottom of the plane, should be level for a sufficient distance 
back, to receive the ascending or descending trains. The axes 
of the level portions should, when practicable, be in the same 
vertical piano as that of the axis of the inclined plane. 

Small rollers, or sheeves, are placed at suitable distances aloqg 
the axis of the inclined plane, upon which the rope rests. 

Within a few years back flexible bands of roUed hoop-iron 
have been substituted for ropes on some of the incUned plane« 
of the United Slates, and have been found to work well, pre- 
^enting more durabiUty and being less expensive than ropes. 

680. Tunnels. The great consumption of power by gravity, 
and the necessity therefore of either employing additional power, 
or of diminishing the load of locomotives in ascending steep gra- 
dients, have caused engineers to resort to excavations and em- 
bankments frequently oi excessive dimensions, to obtain gradients 
upon which the ordinary loads on a level can be transported with 
a suitable degree of speed. The dif&culty and cost of formin£ 
these works become in some cases so great, that it is found 
preferable to obtain the requisite gradient by carrying the road 
under ground by an excavation termed a tunnel. 

The choice between deep cutting and tunnelling, will depend 
upon the relative cost of the two, and the nature of the ground. 
When the cost of the two methods would be about equal, and 
the slopes of the deep cut are not liable to slips, it is usuaUy 
more advantageous to resort to deep cutting than to tunnelling. 
So much, bowever, will depend upon local circumstances, thal 
the cömparative advantages of the two methods can only be de* 
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cided upon understandingly when these are known. Where any 
latitude of choice of locality is allowed, the nature of the soil« 
the length of the tunnel, that of the deep cuts by which it mnst 
be approached, and also the depths of the working and air shafts, 
must all be well studied before any definitire location is decided 
upon. In some cases it may be found, that a longer tunnel with 
shorter deep cuts will be more advantageous in one position, 
than a shorter tunnel with lon^er deep cuts in another. In oth- 
^Ts, the greater depth of workmff shafts may be more than com- 
pensated by obtaining a safer soll, or a shorter tunnel. 

681. The Operations in tunnelling will depend upon the nature 
oif the soil. The work is commenced by setting out, in the first 
place, with great accuracy upon the surface of the ground, the 
profile hne contained in the vertical plane of the axis of the tun^ 
nel. At suitable intervals along this line vertical pits, termed 
working shafts, are sunk to a lerel with the top, or crown of the 
tunnel. The ßhafts and the excavations, which form the en- 
trances to the tunnel, are connected, when the soil will admit of 
it, by a small excavation termed a heading, or drift, usually five 
or six feet in width, and seven or ei^ht leet in height, which is 
made along the crown of the tunnel. After the drift is com- 
pleted, the excavation for the tunnel is gradually enlarged ; the 
excavated earth is raised through the working shafts, and at the 
säme time carried out at the ends. The dimensions and form 
of the cross section of the excavation, will depend upon the na- 
ture of the soil, and the object of the tunnel as a conmiuni- 
cation. In solid rock the sides of the excavation are usually 
vertical; the top receives an arched form; and the bottom is 
horizontal. In soils which require to be sustained by an arch, 
the excavation should conform as nearly as practicable to the 
form of cross section of the arch. 

In tunnels through unstratified rocks, the sides and roof may 
be safely left unsupported ; but in stratified rocks there is dan- 
ger of blocks becoming detached and falling : wherever this is 
to be apprehended, the top of the tunnel should be supported by 
an arch. 

Tunnelling in loose soils is one of the most hazardous Opera- 
tions of the miner's art, requiring the ereatest precautions in 
supporting the sides of the excavations by strong rough frame- 
Work, covered by a sheathine of boards, to secure the workmen 
from danger. When in sucn cases the drift cannot be extended 
throughout the line of the tunnel, the excavation is advanced 
bnly a few feet in each direction firom the bottom of the working 
shafts, and is gradually widened and deepened to the proper 
form and dimensions to receive the masonry of the tunnel, wtuch 
is immediately commenced below each working shaft, and is 
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cftrried forward in both directions towaids the two enda of the- 
tunnel. 

682. Masonry of tutmels. The cross section of ihe aich of a 
tumiel (Fig. 163) is usually an oral segment» fcwmed of aics of 
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circles for the sides and top, resting on an inyerted arch at bcMt* 
tom. The tunnels on some of the recent railways in England 
are from 24 to 30 feet wide, and of the same height from the 
lerel of the rails to the crown of the arch. The usual thickness 
of the arch is eighteen inchea. Brick laid in hydraulic cement 
is ^neraUy used for the masonry, an askew-back course of stone 
being placed at the junction of the sides and the inverted arch. 
The masonry is constructed in short lengths of about twenty 
feet, depending, howeyer, upon the precautions necessary to se- 
cure the sides of the excavation. As the sides of the arch are 
carried up, the firame-work supporting the earth behind is grad- 
ually remoyed, and the space between the back of the ma- 
sonry and the sides of the excayation is filled in with earth 
well nunmed. This Operation should be carefiilly attended to 
throughout the whole of the backing of the arch, so that the 
masonry may not be ei^sed to the effects of any sudden yield- 
ing of me earth around it. 

683. The firame-work of the centres should be so arranged 
that they may be taken apart uid be set up with facility. The 
combination adopted will depend upon the size.of the arch, and 
the necessity of supporting the sides as well as the top of the 
arch by the centre, auring the process of the work. 

684. The earth at the ends of the tunnel is supported by a 
retaining wall, usuaUy faced with stone. These walls, termed 
the frcmts of the tunnel, are generally finished with the usual 
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aidiitectani dempm for ntewayt. To secure the ends of the 
arch from the pressure oi the earth above them, cast-iron plates, 
of the same snape and depth as the top of the arch, are inserted 
within the masonry, a short distance urom the ends, and aie ae* 
cured by wrought-iron rods firmly anchored to the masoniy at 
aome distance from each end. 

685. The working shafta, which are generally made cylindri- 
cal and faced with brick, rest upon strong curbs of cast-iron, 
inserted into the masonry of the arch. The diameter of the shafit 
within is oidinarily nine feet 

Small shafts, about three feet in diameter, termed air shaftSy 
are in some cases required at intermediate points between the 
workinffshafts, for the purposes of rentilation. 

686. TThe ordinary dimculties of tunnelling are greatly increased 
by the presence of water in the soil through which the work ia 
driven. Pumps, or other suitable machinery for raising water, 

flaced in the working shafts, will in some cases be requisite to 
eep them and the drift free from water until an ouüet can be 
obtained for it at the ends, by a drain donff the bottom of the 
drift Sometimes, when the water is found to gain upon the 
pumps at some distance above the level of the crown of the 
tajmel, an outlet may be obtaitfed for it by driving above the 
tunnel a drift^way between the shafts, giving it a suitable slcqpe 
from the centre to the two extremities to convey the water off 
lapidly. 

in tunnels for railways, a drain should be laid under the bal- 
Utfting along the aus, upon the inrerted arch of the bottom. 
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667. CanaU are artifidal Channels for water, applied to the 
parpose of inland navigatioti ; for the supply of cities with wa- 
ter ; for drainine ; for Irrigation, See. &c. 

688. Navigaole canals are divided into two classes : Ist Ca- 
nals which are on the same level throughout their entire length, 
as those which are found in low level countries. 2d. Canals 
which connect two poinU of different teveis, which lie either in 
the same Talley, or on opposite sidee of a dividing ridge. Tbis 
clasB is found in broken countries, in which it is necessary to 
divide the entire length of the canal into several level pmions, 
the commiuiication between which is effected by some arlificial 
means. When the points to be connected lie on oppoaite sides 
of a dividing ridge, the highest reacb, which crosses the ridge, 
ia termed the aummit level. , 

689. Ist Class. The sunreying and laying out a canal in a 
level country. are Operations of such extreme simplicity as to 
require no particular notice in this place ; since theae Operations 
have been fully explainsd in the subject of Conunon Roads. 
The line of the canal should be run in a direct line between the 
two points to be connected, unless it be found necessary to de- 
flect it at any intermediate points ; in which case, the straight 
portions will be connected by arcs of circles of sufficient curva- 
ti X 
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water-waif, or cbannel of a trapezoidal form, with an embank- 
ment on each aide, raised above the general level of the countiy, 
•nd fomied of the excavation for the water-way. The level, or 
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■UT&ce of tbe water, is usually aboTe the natural 8ur£tce, luffi- 
cient thickness being giTen to the embankmenta to prevent the 
filtration of Üie water through ihem, and to reeiat ite pressure. 
TtuB airangement has in its f&vca the advantage of economy in 
the'iabor of excavating and embanking, since the ctobb section 
of the cutting may be so calculated aa to fumish the necessary 
earth for the embankment ; but it expoaes the surroundiiig coun- 
try to injury, from accidenta happemng to the embankments. 

The relative dimeiuionB of the parts of the cross section may 
be generally stated as follows ; suDJect to such modiäcations as 
each particular case may seem to demand. 

The width of the water-way, at bottom, sfaould be at least 
twice the width of the boats used in navigating the canal ; so 
that two boats, in pasaing each other, may, by sneering towanls 
the sides, aToid being brought into contact. 

The depth of the water-way shoukl be at least eighteen 
inches greater than the draft of the boat, to facihtate the motion 
of the Doat, particularly if there are water-plants growing oa 
the bottom. 

The side slopes of the water-way, in compact aoils, ahould 
receive a base at least once-and-»-half the altitude, and propor- 
tionally more as the soil is less compact. 

The thickneiB of the embankments, at top, is seldom regn- 
lated by the pressure of the water against tfaem, as this, in moet 
cases, IS inconsiderable, but to prevent filtration, which, were it 
to take place, would Boon cause their destniction. A thickness 
from four to six feet, at top, with the additionol thickness given 
by the side slopes at the wi most caaaa, be 

amply suffident to prevent ü ly for tbe horaes 

attached to the boats, twmed is made on one 

of the embankments, and a I n, which should 

be Wide enough to serre aa -path, give' a su> 

perabundance of strength to 

The tow-path should be fi H wide, to allow 

the horses to pass each otl the foot-path at 

least six feet wide. The heigbt of the surfaces of these paths, 
above the water sur&ce, should not be less than two feet, to 
aroid the wash öf the ripple; nor greater than four feet and a 
halfi for the &cihty of the draft of the horses in towing. The 
aurfoce of the tow-path*8hoyId incline slightly outwärd, both 
to convey off the surface water in wet wcather, and to give 
a firmer footiug to the horses, which naturally draw from the 
canal. 

The side slopes of the embankment vary with -the character 
of the soil : towards the water-way they should seldom be less 
than two base to one perpendicular ; from it, they may, if it be 
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thought neceBsaiy, be less. The iotericMr slope is usually not 
carried np imbroken Irom the bottom to the top ; but & horizon- 
tal Space, termed a bench, or berm, about one »r two fcet wide, 
is left, abont one foot above the watei aurface, between Üie aide 
slope of the water-way and the foot of the embankment above 
the benn. This Space aeires to protect the upper part of the 
interior side slope, and is, in sotne cases, planted with such 
shnibbety as grows most luxuriantly in aquatic tocalities, to pro- 
tect more efficaciously the banks by the stipport which its roots 
give to the soll. The side slopes aie betler protected by a re- 
v^tement of dry stone. Aquatic plants of the bulrush kind 
have been used, with success, for the same puipose ; being 
planted on the bottom, at the foot of the side slope, they serre 
to break the ripple, and preserve the slope« from it» effects. 

The earth at vhich the embankments are formed shoukl be 
of a good binding character, and perfectly free from vegetable 
mould, and all vegetable matter, as the roots of plants, &c. In 
forming the embankmenta, the vegetable mould shonld be care- 
fiilly removcd from the Burface on which ihey are to rest ; and 
they should be cairied up in uniform layeTS, from nine to twetve 
incnes thick, and be well rammed. If the character of the earth, 
of which the embankments are formed, is such as not to present 
entire security against filtration, a puddling of clay, or fine sand, 
two or three feet thick, may be laid in the interior d the mass, ' 
penetrating a foot below the natural surface. Sand is useful in 
prevehting fihration cauaed by the holes made in the embank- 
ments near the water surface by insects, moles, rats, &c. 

Side dr^i^ side, a foot or two from 

the embanl^M ce water of the natural 

■ sur&ce from in 

/ 69Q. 2d Clj nit ol* two subdivisions : 

Ist, 'Canals wh same valley ; 2d, Canal» 

with a snmmit 

Location. ] onging to the first sub- 

division, the lii lal should be as ditect as 

Eracticable bet ^ As the d^perent levels, 

oweyer, must be laid out on wie of the aide slopes of the Val- 
ley, their linea of direction will be nearly the same as ihe hori- 
zontal curred line in which the natural surface of the miund 
would be intersected by the watei surface oi the canä pro- 
duced ; the variations in direction from this cime depending on 
the character of the cuttinga and fillings, both aa to the advan- 
tagea which the one may present over the otheub tegards filtra- 
tion, and the economy of construction. 

With respect to tne side slope of the valley along which the 
canal is to be run, the engineer must be guided in hia choice l^ 
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tibe relative expease of conatruction on ihe two sides; whidi 
vill depend on the quantity of cuUing and filling, ihe masonry. 
(or the culTerts, &c., and tne nature of the eoil as adapted to 
holding water. AU other things being equal, the aide on which 
the feweat aecondary water-couraes are found will, geneiaJty 
apeaking, offei the greatest advantage as to expease ; but, it may 
happen that the secondaiy water-couraeB will De required to feea 
the canal with water, in which caae it will be necessary to lay 
out the line on the aide where they are found moet conTenient, 
and in moat abuodance. 

As to the points in which the line of direction ahould cross the 
aecondary Talleys, the engineer will be guided by the same cod- 
sidenitions aa for any other line of commumcation ; croasing 
them by following the natural surface, oi eise by a filling in a 
right line, as may be most econonücal. 

691. CroM section. The side formationa of excavatioos and 
embankmenta require peculiar care, particulorly the lattei, aa 
any crevicea, when diey are fint formed, or which may take 
place by setUing, might prove destructire to the work. In most 
casea, a Stratum of ^ood binding earth, lining the water-way 
throughout to the thickness of aboat four feet, if compactly 
numned, will be found to offer lufficient aecurity, if the sub- 
etnicture ja of a firm character, and not liable to settle. Fine 
* Band bas been applied with succeu to stop the leakage in canala. 
The Band for thia puipose ia sprinkled, in small quantities at a 
time, over the surface of the water, and gradually fiUs up the 
outleta in the bottom and sides of the canal. But neither this 
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stones, about four iaches thick, laid on a bed of hydiaulic mor- 
tar, one inch tbick, and covered by a similar coat of mortar, 
m^ng Üie entire thickness of the lining six inches, has beeo 
found to answer all the required purposea. This lining should 
be coTered, both at bonom and on ilie sides, by a layer of ffood 
earth, at leaat three feet thick, to protect it from the shock of the 
boata striking either of those parts. 

The cross aection of the canal and iu tow-patha in deep cut- 
tiog (Fig. 166) should be regulated in the same way as in canals 
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<^ the fimt class ; but when the cuttingi are of considerable 
depth, it has been recommended to reduce both to the dimen- 
■ions strlctly necessary for the passage of a single bo&t. By 
this reduciion there would be some economy in the ezcarations ; 
but this adrantage vrould, generally, be of too trifljng a charac- 
ter to be placed aa an offaet to the inconveniences resulting to 
the narigation, particularly where an active trade was to be car- 
ried on. 

693. Summ-: ir the supply of the sum- 

mit level of a < from the ground that lies 

abore it, the p< mmmit level ahould be at 

the loweat poi iding ridge, between the 

two branches < ig thia point, and the di- 

rection of the lal, the engineer will bs 

guided by the d to the natural featurea 

of the Hurface, i dwelt upon. 

693. Suppli ^ ^ ly of waler required for 

canala with a summit lerel, may be divided into two portions : 
Ist. That which ia required for the summit leve], and tlioae ler- 
ela which draw from it tbeir supply. 2d. That which ia wanted 
for the levela bctow thoae, and which is fumished from other 
Süurces. 

The supply of the firat portion, which mual be coHected at 
the summit leTel, may be divided into aereral elementa: Ist. 
The quantity required to fill the aummit leyel, and the levela 
which draw their supply from it. 2d. The quantity required to 
supply loBses, arising from accidenta ; as breachea in the banka. 
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and tfae emptymg of the leyels for repain, .3d. The supplies 
for losses from surface eraporation, from leakage througn the 
8oil, and through the lock gates. 4. The quantity lequiied for 
the Service of the navigation» ahsing from the passage of the 
boats from one level to another. Owing to the want of sufficient 
data, fo^uided on accurate obeervationa, no precise amount can 
be assigned to these yarious Clements which will serve the engi- 
neer as data for rigorous calculation. 

The ouantity required, in the first place, to Sil the summit 
level ancL its dependent levels, will depend on theit size, an ele- 
ment which can be readily calculated ; and upon the quantity 
which would soak into the soil, which is an element of a very 
indeterminate character, depending on the natore of the soil in 
the different levels. 

The supplies for apcidental losses are of a still less detenni- 
nate character. 

To calculate the supply for losses from surface evaporation, 
correct observations must be made on the yearly amount of 
evaporation, and the quantity of rain that falls on the surface ; as 
the loss to be supplied will be the difference between these two 
quantities. 

With regard to the leakage throuffh the soil, it will depend on 
the greater or less capacity which the soil has for holdinff water. 
This element varies not only with the nature of the soil, hut also 
with the shorter or longer time that the canal may have been in 
use ; it having been found to decrease with time» and to be, 
comparatively, but trifling in old cai}^. In ordinary soils it 
may be estimated at about two inches m depth everv twenty-four 
hours, for some time after the canal is first openedl The leak- 
age through the gates will depend (h j^ workmanship of these 
parts. From experiments by MriRsK, on the Chesapeake and 
Ohio canal, the leakage throu^ Ae lecks at the sununit level, 
which are 100 feet long, 15 feet wrae, and have a lift of 8 feet, 
amounts to twelve locks füll däilr,%)r about 62'cubic feet per 
iqinute. The monthly loss upon the same canal, from evapora- 
tion and filtration, is about twice the quantity of water contained 
in it. From experiments made by Mr. J. B. Jervis, on the Erie 
canal, the total loss, from evaporation, filtration, and leakage 
through the gates, is about 100 cubic feet per minute, for each 
mile. 

In estimating the quantity of water expended for the Service 
of the navigation, in passing the boats from one level to another, 
two distinct cases require examination : — Ist. Where there is but 
one lock between two levels, or in other words, when the locks 
are isolated. 2d. When there are several contiguous locks, or, 
as it is termed, hflight of locks between two levels. 
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694. A lock is a small basin «just large enouffh to receive a 
boat, in which the water is usually confined on tiie sides by two 
upright wfiUs of masoniy, and at the ends by two gates, which 
open and shut, both for the purpose of allowing the boat to pass, 
and to cut off the water of the Upper leyel from the lower, as 
well as from the lock.while the boat is in it. To pass a bo^t 
from one level to the other — from the lower to the upper end, 
for example — the lower gates are opened, and the boat having 
entered the lock they are shut, and water is drawn from the Up- 
per level« by means of valves, to fill the lock and raise the boat ; 
when this Operation is finished, the upper gates are opened, and 
the boat is passed out. To descena from the upper level, the 
lock is first nlled ; the upper gates are then openea, and the boat 
passed in ; these gates are next shut, and the water is dr^wn 
from. the lock, by ^ves, until the boat is lowered to the lower 
level, when the Jower gates are opened and the boat is passed 
out. 

In the two Operations just described, it is evident, that for the 
passage of a boat, up or down, a quantity of water must be 
drawn from die upper level to M the lock to a height which is 
equal to the difference of level between the surface of the water 
in the two ; tUs height is termed the Itft of the lock, and the 
volume of water required to pass a boat up or down is termed 
the prism of lift. Fhe calcmation, therefore, for the ouantity 
of water requisite for the service of the navi^tion, will be sim- 
ply that of the number of prisms of lift which each boat will 
draw from the summit level in passinj; up or down. 

695. Let a boat, on its way up, be supposeid to have airived 
at the lowest level supplied from the summit level ; it will re- 
quire a prism of lift to ascend the next level above, and so on in 
succession, until it reaches the summit level, from which one 
prism of hft must be drawn to enable the boat to enter it. From 
this it appears that but one^prism of lift is drawn from the sum- 
mit level for the passage ipf. a boat up. Now, in descending on 
the other side, the boat will require one prism of lift to take it to 
the next level, and this prism of lift will carry it through all the 
successive locks, if their Ufts are the same. For the entire pas- 
sage of one boat, then, two prisms of lift must be drawn from 
the summit level. 

This boat will thus leave all the locks fuU on the side of the 
ascent, and empty on the side of the descent. Now the next boat 
may be going m the same, or in an opposite direction, with re- 
spect to the nrst. If it follows the first, it will evidently require 
two prisms of . lift for its entire passage, and will leave the locks 
in the same State as they were. If it proceeds in an opposite 
direction, it will require a prism of lift to ascend to the summit 
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level ; but, in descending, it will take advantage of the füll lock, 
left by the preceding boat, and will therefore not draw from the 
suminit leyel for its descent to the next; the same will take 
place at eyery level until the last, where it will carry out with it 
the prism of L'ft, which was drawn from the summit level for the 
preceding boat, so that in this case it will draw but one prism 
of lift from the summit level. If the two boats had met on the 
summit level, the same would have taken place: therefore, when 
the boats altemate regularly, each vnll require but one prism of 
lift for its entire passage. But as this regularity of altemation 
cannot be practically carried into ^ffect, an allowance of two 
prisms of lui must l>e made for the entire passage of each boat 

In calculating the expenditure for locks in mghts, a new ele- 
ment, termed the prism of draught, must be taken into account. 
This prism is the quantity of water required to float the boat in 
the lock when the prism of lift is drawn off; and is evidently 
equal in depth to tne water in the canal, unless it should be 
deemed advisable to make it just sufficient for the draugfat of the 
boat, by which a small saving of water might be effected. 

696. Locks in flights may be considered under two points of 
view, with regard to the expenditure of water : the first, where 
both the prism of lift, and that of draught, are drawn off for the 
passage of a boat ; or second, where the prisms of draught are 
always retained in the locks. The expenditure, of course, will 
be different for the two cases. 

To ascertain what will take place in the two cases, let a case 
be supposed, in which there is a ilight of locks on each side of 
the summit level, to cönnect it with the two next lower levels. 
In the first case, a boat, arriving at the foot of the fiight, finds 
all the locks of the flight empty, except the lowest, which must 
contain a prism of draught to float the boat in. To raise the 
boat, then, to the upper level, all the locks of the flight must be 
filled from the summit level, which will require as many prisms 
of hft as there are locks, and as many prisms of draught as ihere 
are locks less one ; or, representing by l the prism of lift, n the 
prism of draught, and n the number of locks in the flight, the 
total ouantity of water, for the ascent of the boat, will be repre- 

»entedby n^-{-{n-\)i>; . . . (1). 

In descending, on the opposite side, the boat will require a prism 
of lift and one of draught at the first lock ; but to enter the sec- 
ond another prism of draught in addition will be required, and 
this entire quantity will be suflicient to take it through all the 
remaining locks ot the flight : this quantity will therefore be rep- 
resented by 

L + 2»; (2). 
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80 tliat for the entire passage of tbe boat, the total ezpenditore 
will be represented by 

(n + l)L + (n + l)D. . (3). 

The flight, on one side, is thus left füll after the passage of 
tbe first boat, and on the other side, empty. If a second boat, 
then, foUows directly after the first, the prism of lift must be 
drawn from the lowest lock to admit the boat, this prism is then 
supplied from the lock next above, and so on to the summit lev- 
el ; so that but one prism of lift will be drawn off for the ascent 
of this boat, and it will require one of lift, and two of draught, 
to carry it down the opposite flight. .If, therefore, the total 
number of boats which foUow in this order, including the first, 
be represented by m, the total expenditure will be represent- 
ed by 

(n + l)L + (n + l)D + (m-.l)2L + (w — 1)2d. . (4). 

If the second boat, instead of foUowing the first, arrives in 
the opposite direction, or altemates with it, the expenditure for 
its ascent will be represented by the formula (IX s^d for its de- 
scent it will, be nothing, since it finds the opposite flight fiUed, 
as left by the first boat ; but if the locks had been emptied, then 
the passage of the second boat would have taken place under 
the same circumstances as that of the first. 

It will be unnecessary here to go farther into these calcula- 
tions for the various cases that may occur, under the difierent 
circumstances of passage of the boats or of empty or füll flights ; 
the preceding gives the spirit of the method, and will give the 
means for entering upon a calculation to allow for the loss or 
gain by the passage of freighted or of empty boats, foUowing 
any prescribed order of passage. These refinements are, for 
the most part, more curious than useful; and ihe engineer should 
confine himself to making an ample allowance for the most un- 
favorable cases, both as regards tbe order of passage and the 
number of boats. 

697. Feeders and Reservoirs. Haying ascertained, from the 
preceding considerations, the probable supply which should be 
coUected at the summit level, the engineer will next direct bis 
attention to tbe sources from which it may be procured. Theo- 
retically considered, all the water that drains from the ground 
adjacent to the summit level, and above it, might be coUected for 
its supply ; but it is found in practice that Channels for the con- 
veyance of water must have certain slopes, and that these slopes, 
moreover, will regulate the supply furnished iu a certain tyne, 
all other things being equal. In making, however, the survey 
of the country, from which the water is to be supplied to the 
ßununit level, all the ground above it should be examined, leav- 
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iog the detennination of the slopes for after considerations. The 
survey for this object consists in making an accurate delineation 
of all the water-courses above the summit level, and in ascer- 
taining the quaintity of water which can be fumished by each in 
a given time. This survey, as well as the measurement of the 
quantity of water furnished by each stream, which is termed the 
gauging^ should be made in the driest season of the year, in Or- 
der to ascertain the minimum supply. 

698. The usual method of coUecting the water of the sources, 
and conveying it to the summit level, is by feeders and reser- 
Yoirs. The jeeder is a canal of a small cross section, which is 
traced on the surface'of the ground with a suitable slope, to 
convey the water either into the reservoir, or direct to the 
summit level. The dimensions of the cross section, and the 
loneitudinal slope of the feeder, should bear certain relations to 
each other, in order that it shall deliver a certain supply in a 
given time. The smaller the slope given to the feeder, the lower 
MÖll be the points at which it wiU intersect the sources of supply, 
and therefore the greater will be the quantity of water which it 
will receive. This slope, however, has a practica!, limit, which 
is laid down at four inches in 1000 yards, or nine thousand base 
to one altitude ; and the greatest slope should not exceed that 
which would give the current a greater mean velocity ihan tliir- 
teen inches per second, in order that the bed of the feeder may 
not be injured. Feeders are fumished, like ordinary canals, 
with contrivances to let off a part, or the whole, of the water in 
them, in cases of heavy rains, or for making repairs. 

But a small proportion of the water coUected by the feeders 
is delivered at the reservoir ; the loss firom various causes being 
much greater in them than in canals. From observations made 
on some of the feeders of canals in France, which have been in 
use for a long period, it appears that the feeder of the Briare 
canal delivers only about one fourth of the water it galhers from 
its sources of supply ; and that the annual loss of the two feed- 
ers of the Languedoc canal, amounts to 100 times the quantity 
of water which they can contain. 

699. A reservoir is a large pond, or body of water, held in 
reserve for the necessary supply of the summit level. A reser- 
voir is usually formed by choosing a suitable site in a deep and 
narrow valley, which lies above the summit level, and erecting a 
dam of earth, or of masoniy, across the outlet of the valley, or 
at some more suitable point, to confine the water to be collected. 
The object to be attained, in this case, is to embody the greatest 
volume of water, and at the same time present the smallest 
evaporating surface, at the smallest cost for the construction of 
the dam. 
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It is generally deemed best to have two reservoirs for th© sup-' 
ply, one to contain the greater qaanlity of water, and theother, 
which is termed the distrihuting reservoir, to regulate the sup- 
ply to the summit level.- If, however, the summit level is very 
capacious, it may be used as the distrihuting reservoir. 

The Proportion between the quantity of water that falls upon 
a given surface, and that which can be coUected firom itfor the 
supply of a reservoir, varies considerably with the latitude, the 
season of the year, and the natural features of the locality. The 
drainage is greatest in high latitudes, and in the winter and spring 
seasons ; with respect to the natural features, a wooded surface 
with narrow and deep Valleys will yield a larger amount than an 
open flat country. 

But few observations have been made on this point by engi- 
neers. From some by Mr. J. B. Jervis, in reference to the 
reservoirs for the Chenango canal, in the State of New York, it 
appears that in that locality about two fifths of the quantity of 
rain may be collected for the supply of a reservoir. The pro- 
porlion usually adopted by engineers is one third. 

The loss of water from the reservoir by evaporation, filtration, 
and other causes, will depend upon the nature of the soil, and 
the exposure of the water surface. From observations made 
upon some of the old reservoirs in England and France, it ap- 
pears that the daily loss averages about half an inch in depth. 

700. The dams of reservoirs have been variously constructed : 
in some cases they have been made entirely of eartn, (Fig. 167;) 
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Fig. 167— Represents the section of a dam with three discharging cnlverts. 

A, body- of the dam. 

IJ, pond. 

a, a, a, culverts, with valves at their inlets. which dischai^e into the vertical well o. 

c, c, r, grooves. in the faces of the side-walls, which foim the entrance to the culverts, 
for stop-plank. 

d, stop-planJc dam across the outlet of the bottom colvert, to dam back the water mto 
the vertical well. 

e, parapet wall on top of the dam. 

in others, entirely of masonry ; and in others, of earth packed in 
between several parallel stone walls. It is now thougnt best to 
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ose either earth or niasoniy alone, accoiding to tke circum- 
stances of the case ; the comparatiye expense of the two meth* 
odfl being carefully considered. 

Eartben dams should be made with extreme caie, of the best 
binding earth, well freed firom eveiy thing that niight cause fil- 
trations. A wide trench should be excavated to the finn seil, to 
recein« the base of the dam ; and the earth should be carefully 
spread and rammed in layers not over a foot thick. As a farther 
precaution, it has in some instances been thought necessary to 
place a Stratum of the best clay puddling in the centre of the 
dam» reaching from the top to three or four feet below the base. 
The dam may be from fifteen to twenty feet thick at top. Tbe 
slope of the dam towaids the pond should be from three to six 
base to one perpendicular ; the reyerse slope need only be some- 
what greater than the natural slope of the earth. 

The slope of dams exposed to the water is usually feced 
with dry stone, to protect the dam from the action of the surface 
ripple. This kind of facing has not been found to withstand 
well the action of the water when agitated by high winds. lipon 
some of the more recent earthen dams erected in France, a facing 
of stone laid in hydraulic mortar has been substituted for the one 
of dry stone. The plan adopted for this facing (Fig. 168) con- 

Fig. 168— RepreeentB tbe method 
of (ncinfi the pond slope of a 
dam, with low walls placed ia 
offaetB. 

A, body of tho dam. 

a, a, «, low walle, the faoes of 
which are boilt in ofisete. 

b, b, top sarface of the offsets be- 
tween the walle, oovpred with 
■tone alabs laid in mortar. 

c, top of dmfk faced like the off- 
aemb. 

d, parapet wall. 

sists in placing a series of low walls, in offsets above each other, 
along the slope of the dam, covering the exposed surface of each 
offset, between the top of one wall and the foot'of the next, with 
a coating of slab-stone laid in mortar. The walls are from fire 
to six feet high. They are carried up in small offsets upon the 
face, and are made either vertical, or leaning, on the back. The 
width of the offsets of the dam, between tlie top of one wall and 
the foot of the next, is from two to three feet. 

An arched culvert, or a large cast-iron pipe, placed at some 
suitable point of the base of the dam, which can be closed or 
opened by a valve, will serve for drawing off the requisite 
«upply of water, and for draining the reservoir in case of re- 
f>airs. 

The culvert should be strongly constructed, and the earth 
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around it be well puddled and rammed, to prevent filtrations« 
Its size should be sufficient for a man to enter it with ease» 
The valves may be placed either at the entrance of the culvert, 
or at some intermediate point between the two ends. Great 
care should be taken in their arrangement, to secure them from 
accidents. 

When the depth of water in a reservoir is considerable, several 
culverts should be constructed, (Fig. 167,) to draw ofFthe water at 
different levels, as the pressure upon the lower valves in this case 
would be very great when the reservoir is füll. They may be 
placed at intervals of about twelve feet above each other, and be 
afranged to discharge their water in a common vertical shaft. 
In this case it will be well to place a dam of timber at the outlet 
of the bottom culvert, in order to keep it fiUed with water, to 
prevent the injury which the bottom of it might receive from the 
water discharged from the upper culverts. 

The side walls which retain the earth at the entrance to the 
culverts, should be arranged with grooves to receive pieces of 
scantling laid horizontally between the walls, termed stop-planks^ 
to form a temporary dam, and «ut off the water of the reser- 
voir, in case of repairs to the culverts, or to the face of the 
dam. 

The valves are small sliding gates, which are raised and low- 
ered by a rack arid pinion, or by a Square screw. The cross 
section of the culvert is contracted by a partition, either of ma- 
sohry or timber, at the point where the valve is placed. 

701. Dams of masonry are water-light walls, of suitable form» 
and dimensions to prevent filtration, and resist the pressure of 
water in the reservoir. The most suitable cross section is that 
of a trapezoid, the face towards the water being vertical, and 
the exterior face inclined with a suitable batter to give the wall 
sufficient stability. The wall should be at least four feet thick 
at the water line, to prevent filtration, and this thickness may be 
increased as circumstances may seem to require. Bullresses 
should be added to the exterior facing, to give the wall greater 
stability. 

702. Suitable dispositions should be made to relieve the dam 
from all surplus water during wet seasons. For this purpose 
arrangements should be made for cutting off the sources of sup- 
ply from the reservoir ; and a cut, termed a waste-tveir, (Fig. 
169,) of suitable width and depth should be made at some point 
along the top of the dam, and be faced with stone, or wood, to 
give an outlet to the water over the dam. In high dams the 
total fall of the water should be divided into several partial falls, 
by dividing the exterior surface over which the water runs into 
onsets. l'o break the shock of the water upon the horizontal 
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surface of the oflbet, it should be kept covered with a sheet of 
water retained by a dam placed across its oudet. 




Fig. 189— ReDfenents a aection of a waste-weir divided into two falls. 

A, body of tne dam. 

o, top of the waste-weir. 

6. pool, formed by a stop-plank dam at e. to break the ftill of the water. 

d, oorexing of loose atone to break the fall of Uie water from the pooi above. 

703. In extensive reservoirs, in which a large surface is ex- 
posed to the action of the winds, waves might be forced over 
the top of the dam, and subject it to danger ; in such cases the 
precaution should be taken of placing a parapet wall towards 
the outer edge of the top of th^ dam, and facing the top througb* 
out with flat stones laid in mortar. 

704. Lift of locks. From the preceding observations on the 
expenditure of water for the serrice of the navigation, it appears 
tliat isolated locks are more favorable under this point of view 
than locks in flights. The engineer is not, however, always left 
free to select between the two Systems ; for the form of the 
natural surface of the ground may compel him to adopt a flight 
of locks at certain points. As to the comparative expense of the 
two methods, a flight is in most cases cneaper than the same 
number of single locks, as there are certain parts of the masonry 
which can be suppressed. There is also an economy in the 
suppression of the small gates, which are not needed in flights. 
It is, however, more difiicult to secure the foundations of com- 
bined than of single locks from the efiects of the water, which 
forces its way from the upper to the lower level under the locks, 
Where an active trade is carried on, a double flight is sometimes 
arranged ; one for the ascending, the other for the descending 
boats. In this case the water which fllls one flight may, after 
the passage of the boat, be partly used for the other, by an 
arrangement of valves made in the side wall separating the 
locks. 

The lift of locks is a subject of importance, both as regards 
the consumption of water for the navigation, and the economy 
of construction. Locks with great lifts, as may be seen from 
the remarks on the passage of boats, consume more water than 
those with small lifts. They require also more care in their 
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construction, to preserve them from accidents, owing to the great 
pressure of water against tbeir sides. The expense of construc- 
tion is otherwise in their favor; that is, the expense will increase 
with the total number of locks, the height to be ascended being 
the same. The smallest lifts are seldom less than five feet, and 
the greatest, for ordinary canals, not over twelve ; medium lifts 
of seven or eight feet are considered the best under every point 
of view. This is a point, however, which cannot be settled 
arbitrarily, as the nature of the foundations, the materials used, 
the embankments around the locks, the changes in the direction 
of the canal, caused by varying the lifts, are so many modifying 
causes, which should be carefully weighed before adopting a 
definitive plan. 

The lifts of a flight should be the same throughout ; but in 
isolated locks the lifts may vary according to circumstances. If 
the supply of water from the summit level requires to be econo- 
mized with cäre, the lifts of locks which are fumished from it 
may be less than those lower down. 

705. Levels, The position and the dimensions of the levels 
must be mainly determined by the form of the natural surface. 
Those points are naturally chosen to pass from one level to 
another, or as the positions for the locks, where there is an ab- 
nipt change in the surface. 

A level, by a suitable modification of its cross section^ can be 
made as short as may be deemed desirable ; there being but one 
point to be attended to in this, which is, that a boat passing be- 
tween the two locks, at the ends of the level, will have time to 
enter either lock before it can ground, on the supposition, that 
the water drawn off to fiU the lower lock, while the boat is tra- 
versing the level, will just reduce the depth to the draught of the 
boat. 

706. Locks. A lock (Fig. 170) may be divided into three 
distinct parts : — Ist. The part included between the two gates, 
which is termed the Chamber. 2d. The part above the upper 
gates, termed the fore, or head-hay. 3d. The part below the 
lower gates, termed the aft, or tail^ay. 

707. The lock Chamber must be wide enough to allow an 
easy ingress and esress to the boats commonly used on the ba- 
nal; a surplus width of one foot over the width of the boat across 
the beam is usually deemed sufficient for this purpose. The 
length of the Chamber should be also regulated by that of the 
boats; it should be such, that when the boat enters the lock 
from Üie lower level, the tail-gates may be shut without requiring 
the boat to unship its rudder. 

The plan of the Chamber is usually rectangular, as this form 
is, in evciy respect, superior to all others. In the cross section 
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of the Chamber, (Fig. 171,) the sidee receive generaUy a sli^t 

Tit. 171— ReprewDbi ■ psotioD of Fii. ITD, Ibnogb 
the chunbrr. 

A, A, chunbu walk 

B, cinmbii fonned with an iDreiled-aiGh boUom. 



batter ; as when bo airanged they are found to give greater fo- 
cility lo the passage of the boat than when Tertical. The bot- 
tom of the Chamber is either flal or curved ; more water will be 
requtred to üll the flat-bottomed Chamber than the curved, but it 
will require less masonry in its constriiction. 

708. The Chamber is terminated just within the head gates by 
a Tertical wall, the plan of which is usually curved. As this 
wall separates the upper from the lower level, it is termed the 
lifl-waU ; it is usually of the same height as the lift of the le?- 
els, The top of the lift-waU is fornied of cut stone, the vertical 
joints of which are normal to the curved face of the wall ; this 
top course projecta from aix to nine inches above the bottom of 
the Upper level, presenting an angiilar point, for the bottom of 
the head-gates, when shut, to rest against. This is termed the 
mitre-sill. Various degrees of opening have been given to tfie 
angle between the two branches of the mitre-sill ; it is, however, 
generaily so delermined, ihat the perpendicular of the isoscelea 
triangle, formed by the two branches, shall vary between one 
fifth and one sixth of the base. 

As stone mitre-süls are liable to injury &om the shock of the 
gate, they are now usually constructed of timber, (Fig. 172,) by 



im a dan ofa wooden mitn- 

inlal HctiDn of a lock-gUe 

itre-siTl rnioed with the plects i and e, 
— il.T raateoed to the Öde walla A, A. 

or quoia pceta of look-fttte. 

of mitiepot». 



framing two strong beams with the proper angle for (he gate 
when closed, and securing them hrmly upon the tc^ of the lift- 
wall. It will be well to place the top of the mitre-sill on the 
lift-wall a little lower than the bottom of the canal, to preserre 
it from being Struck by the keel of the boat on entering, or 
leaving the lock. 

709. The cross section of the Chamber walls is usually trape- 

zoidal ; the facing receives a slight batter. The chamber walli 
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are exposed to two oppoeite efforts ; die water in the lock on 
one side, and the embankment against the wall on the other. 
The pressure of the embankment is the sreater as well as the 
more permanent e£fort of the two. The dimensions of the wall 
must De regulated by this pressure. The usual manner of doing 
this, is to make the wall four feet thick at the water line of the 
Upper level, to secure it against filtration ; and then to determine 
the base of the batter, so that the mass of masonry shall present 
sufficient stability to counteract the tendency oi the pressure. 
The spread, and other dimensions of the foundations, will be 
regulated according to the nature of the äoil, in the same way 
as in other structures. 

710. The bottom of the Chamber, as has been stated, may be 
eitlier flat or curved. The flat bottom is suitable to very firm 
soils, which will neither yield to the vertical pressure of tbe 
Chamber walls, nor admit tue water to filter from the Upper level 
under the bottom of the lock. In either of the contrary cases, 
the bottom should be made with an inverted arch, as this form 
will oppose greater resistance to the upward pressure of the 
water under the bottom, and will serve to distribute the weight 
of the walls over the portion of the foundation under the arch. 
The thickness of the masonry of the bottom will depepd on the 
width of tlie Chamber, and the nature of the soil. Were the 
soil a solid rock, no bottoming would be requisite ; if it is of soft 
mud, a very solid bottoming, from three to six feet in thickness, 
might be requisite. 

711. The principal danger to the foundations arises from the 
water which may nlter from the upper to the lower level, under 
the bottom of the lock. One prerentive for this, but not an ef- 
fectual one, is to drive sheeting piles across the canal at the end 
of the head-bay ; another, whicli is more expensive, but more 
certain in its efiects, consists in forming a deep trench of two or 
three feet in width, just under the head-bay, and fiUing it with 
beton, which unites at top with the masonry of the head-ba]r. 
Similar trenches might be placed under the Chamber were it 
considered necessary. 

712. The lift-waU usually receives the same thickness as the 
Chamber walls ; but, unless the soil is very firm, it' would be 
more prudent to form a general mass of masonry under the en- 
tire head-bay, to a level with the base of the Chamber founda- 
tions,' of which mass the lift-waU should form a part. 

713. The head-bay is enclosed between two parallel walls, 
which form a part of the side walls of the lock. They are ter- 
minated by two wing walls, which it will be found most eco- 
nomical to run back at right angles with the side walls. A re- 
cess, tenned the gate-chamber, is made in the wall of the head- 
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bay ; the depth of this recess should be sufficient to allow the 
gate, when open, to fall two or three inches within the facing of 
the wall, so tnat it may be out of the way when a boat is pass- 
ing ; the length of the recess should be a few inches möre than 
the width of the gate. That part of the recess where the gate 
tums on its pivot is termed the hoUow qttoin ; it receives what 
is termed the AccZ, or quoin-post of the gate, which is made of a 
suitable form to fit the hollow quoin. The distance between the 
hollow quoins and the face of the lift-wall will depend 6n the 
pressure against the mitre-sill, and the strength of the stone; 
eighteen i Aches will generally be found amply sufficient. 

The side wails need not extend more than twelve inches be* 
yond the other end of the gate-chamber. The wing walls may 
De extended back to the total width of the canal, but it will be 
more economical to narrow the canal near the lock, and to ex- 
tend the wing walls only afoout two feet into the banks, or sides. 
The dimensions of the side and wing walls of the head-bay are 
regulated in the same way as the Chamber walls. 

The bottom of the head-bay is flat, and on the same level with 
the bottom of the canal ; the exterior course of stones at the en- 
trance to the lock should be so jointed as not to work loose. 

714, The gate-chambers for the lower gates are made in the 
Chamber walls ; and it is to be observed, that the bottom of the 
Chamber, where the gates swing back, should be fkit, or be oth- 
erwise arranged not to inmede tne play of the gates. 

715. The side walls oi the tail-bay are also a part of the gen- 
eral side walls, and their thickness is regulated as in the prece- 
ding cases. Their length will depend chiefly on the pressure 
which the lower gates throw against them when the lock is füll ; 
and partly on the space required by the lock^men in opening and 
shutting gates manoeuvred by the balance beam. A calculation 
must be made for each particular case, to ascertain the most 
suitable length. The side walls are also terminated by wing 
wallsj similarly arranged to those of the head-bay. The points 
of junction between the wing and side walls should» in both 
cases, either be curved, or the stones at the angles be rounded 
off. One or two perpendicular grooves are sometimes made in 
the side walls of the tail-bay, to receive stop-planks, when a 
temporary dam is needed, to shyt off the water oi the lower level 
from the Chamber, in case of repairs, &c. Similar axrangements 
might be made at the head-bay, but they are not indispensable 
in either case. 

The strain on the walls at the hollow quoins is greater than at 
any other points, owing to the pressure at those points from the 
gates, when they are shut, and to the aotion of the gates when 
in motion; to counteract this, and strengthen the walls, hut- 
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tresses should be placed at the back of the walls, in tke most 
faTorable poaitioii behind the qnoins to subsenre the object in 
Tiew, 

The bottom of the tail-bay ia ananged, in all reapects, like 
that of the head-bay. 

716. The top of the aide walla of the lock may be from one 
to two feet aboTe the general lerel of the water in the upper 
reach; the top course of the masonry being of heavy large 
blocke of cut atone, although thia kind of coping ia not indis^ 
pensable, as amaller maaaes have been found to auit the same 

f>urpo8e, but they are lesa durable. Aa to the masonry of the 
ock, in general, it is only neceaaary to obaenre, that thoae parta 
alone need be of cut atone where there is great wear and tear 
from any cause, aa at the angles generally ; or where an acca- 
rate finish ia indispensable, as at the hollow quoins. The other 
parta may be of brick, nibble, beton, &c., but every part should 
be laid in the best hydraulic mortar. 

717. The filling and emptying the lock Chamber have giyen 
rise to varioua discussions and experiments, all of which have 
been reduced to the comparatire advantages of letting the water 
in and off by yalves made in the gatea themselves, or oy culverts 
in the side walls, which are opened and shut by ralves. When 
the water is let in through yalves in the ffates, ita effects on the 
aides and bottom of the Chamber are found to be very injurious, 
particularly in high lift-walls ; besides the inconvenience result- 
mg from the agitation of the boat in the lock. To obviate thia, 
in aome degree, it has been proposed to ffiye the lift-wall the 
form of an inclined curved surface, along which the water might 
descend without producing a shock on the bottom. 

718. The side culverts are small arched conduits, of a circu- 
lar, or an elliptical cross section, which are made in the masä 
of masonry oi the side-walls, to conrey the water from the Up- 
per level to the Chamber. Theae culverts, in some cases, run 
the entire length of the side walls, on a level with the bottom 
of the Chamber, from the lift-wall to the end of the tail-wall, and 
have several outlets leading to the Chamber. They are arranged 
with two valves, one to close the mouth of the culvert, at the 
Upper level, the other to close the outlet from the Chamber, to 
the lower level. This is, perhaps, one of the best arrangements 
for side culverts. They all present the same difficulty in making 
repairs when out of order, and they are moreover very subject 
to accidents. They are therefore on these accounta inferior to 
valves in the gates. 

719. It has also been proposed, to avoid the inconveniences 
of culverts, and the disadvantages of lift-walls, by suppressing 
the latter, and gradually increasing the depth of the upper level, 



to tfae bottoiB of the Chamber. This method presents s eaving 
in the mass of masonry, but the gates will cost mare, as the 
head and tail gates muBt be of the same height. It would en- 
tirely remove Uie objection to Talves in the gates, as ihe current 
through them, in this ease, would not be sufficiemly streng to 
injure the masoniy. 

720. The bottom of the canal beiow the lock should be pro- 
tected by what is termed an apron, which is a corering of plank 
laid on a grillage, or eise one of bruah-woud and dry stone. The 
sides should also be faced with timber ot dry stone. The lenglh 
of this facing will depend on the strength of the current ; gene- 
rally not more than from fifteen to thirty feet from the lock will 
require it. The entrance to the head-bay is, in some cases, 
similarly protected, but this is unnecessary, as the current has 
but a very slight efTect at that poinU 

721. Locks constructed of timber and dry atone, tenned cora- 
posite-locks, are to be met with on several of the canals of the 
United States. The side.walls are formed of dry slone carefuüy 
laid ; the sides of ihe chamber being faced wich plank naiied to 
horizontal and upright limbers, whicli are firmly secured to the 
dry stone walls. The walls rest upon a platform laid upon heavy 
beams placed transversely to the axis of the lock. The bottom 
of the Chamber usually recelres a double thickness of plank. 
The quoin-posts and mitre-sills are fonncd of heavy beains. 

722. iMck Gates. A lock gate (Fig. 173) is composed of two 
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leaves, each leaf consisting of a solid frame-work covered on 
the side towards the water with thick plank made water-tight. 
The framc usually consists of two uprights, of several horizon- 
tal cross pieces let into the uprigiils, and sometimes a diagonal 
piece, or brace, intended to' keep the frame of an invariable 
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form, is added. The upright, around whicb the leaf turns, termed 
the quoin or heel-post^ is rounded off on the back to fit in the 
hollow quoin ; it is made slightly eccentric with it, so that it may 
turn easily without rubbing against the quoin ; its lower end resu 
on an iron gudgeon^ to wnich it is fitted by a corresponding in- 
dentation in an iron socket on the end ; the upper extremity is 
secured to the aide walls by an iron collar^ within which the post 
tums. The collar is so arranged that it can be easily fastened 
to, or loosened from two iron bars, termed anchor-irons, which 
are firmly attached by bolts, or a lead sealing, to the top couise 
of the walls. One oi the anchor-irons is placed in a line with 
the leaf when shut, the other in a line with it when open, to re- 
sist most effectually the strain in those two positions of the gate. 
The opposite upright, termed the mitre-posty has one edge bev- 
elled on, to fit against the mitre-post of the other leaf of the 
gate. 

723. A long heavy beam, termed a balance beam, from its 
partially balancing tne weight of the leaf, rests on the quoin 
post, to which it is secured, and is mortised with the mitre post. 
The balance beam should be about four feet above the top of the 
lock, to be readily manoeuvred ; its principal use being to opeA 
and shut the leaf. 

724. The top cross piece of the ^ate should be about on a 
level with the top of the lock ; the bottom cross piece should 
Swing clear of the bottom of the lock. The position of the in- 
termediate cross pieces may be raade to depend on their dimen- 
sions : if they are of the same dimensions, they should be placed 
nearer together at the bottom, as the pressure of the water is 
there greatest ; but, by making them of uneoual dimensions, 
they may be placed at equal distances apart ; tliis, however, is 
not of much importance except for large gates, and considerable 
depihs of water, 

The plank may be arranged either parallel to the uprights, or 
parallel to the diagonal brace ; in the latter position they will act 
with the brace to preserve the form of the frame. 

725. A wide board supported on brackets, is often afiixed to 
the gates, both for the manoeuvre of the machinery of the valves, 
and to serve as a foot bridge across the lock. The valves are 
small gates which are arranged to close the openings made in 
the gates for letting in, or drawing off the water. They are ar- 
ranged to slide up and down in grooves, by the aid of a rack and 

Einion, or a Square screw ; or they may be made to open or shut 
y turning on a vertical axis, in which case they are termed pad- 
dle gates, The openings in the upper gates are made between 
the two lowest cross pieces. In the lower gates the openings 
are placed just below the surface of the water in the reacli. The 
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size of the opemng will depend on the time in which it is re- 
quired to fiU the lock. 

726. Accessort/ Works, Under this head are classed those 
constructions which are not a part of the canal proper, although 
generally found necessary ou all canals : as the culverts for con- 
veying oflf the water courses which intersect the line of the canal; 
the inlets of feeders for the supply of water ; aqueduct bridges, 
&c. &c. 

727. Culverts, The disposition to be made of water courses 
intersecting the line of the canal wiU depend on their size, the 
character of their current, and the relative positions of the canal 
and stream. 

Small brooks which lie lower than the canal may be conveyed 
under it ihrough an ordinary culvert. If the .level of the canal 
and brook is nearly the saine, it will then be necessary to make 
the culvert in the shape of an inverted s)rphon, and it is therefore 
tenned a broken-hack culvert. If the water of the brook is 
generally lioipid, and it^ current gentle, it may, in the last case, 
be received into the canal. The communicatign of the brook, or 
feeder, with the canal,. should be so arranged that the water may 
be shut oflf, or let in at pleasure, in any quantity desired. For 
this purpose a cut is made through the side of the canal, and the 
sides and bottoriiof the cutjare faced with masonry laid in hy- 
draulic mortar. A sliding gate, fitted into two grooves made in 
the side walls, is manoeuvred by a rack and pinion, so as to reg- 
ulate the quantity of water to be let in. The water of the feeder, 
or brook, should first be received in a basin, or reservoir, near 
the canal, where it may deposite its sediment before it is drawn 
off. In cases where the line of the canal is crossed by a torrent, 
which brings down a large quantity of sand, pebbles, &;c., it may 
be necessaury to make a permanent structure over the canal, form- 
ing a Channel for the torrent ; but if the discharge of the torrent 
is only periodical, a moveable Channel may be arranged, for the 
same purpose, by constructing a boat with a deck and sides to 
form the water-way of the torrent. The boat is kept in a recess 
in the canal near the point where it is used, and is floated to its 
Position, and sunk when wanted. 

728. Aqueducts, <^c, When the line of the canal is intersect- 
ed by a wide water-course, the communication between the two 
shores must be effected either by a canal aqueduct bridge, or by 
the boats descending from the canal into the stream. As the 
construction of aqueduct bridges has already been considered, 
nothing farther on this point need here be added. The expe- 
dient of crossing the stream by the boats may be attended with 
many grave ipconveniences in water courses liable to freshets, 
or to considerable variations of level at different seasons. In 
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these cases locks mudt be 90 arranged on each side, where the 
canal enters the stream, that boats may pass from the one to the 
other under all circumstances of difference of level between the 
two. The locks and the portions of the canal which join the 
stream must be secured against damage from freshets by suita- 
ble embankments ; and, when the summer water of the stream 
is so low that the navigation would be impeded, a dam across 
the stream will be requisite to secure an adequate depth of water 
during this epoch. 

729. Canal Bridges. Bridges for roads over a canal, termed 
canal-bridgeSy are constructed Tike other structures of the same 
kind. In planning them the engineer should endeavor to gi?e 
sufScient height to the bridge to prevent those accidents, of but 
too frequent occurrence, from persons Standing upright on the 
deck of the passage-boat while passing wider a bridge. 

730. Waste-Wier, Waste- wiers must be made along the 
levels to let off the surplus water. The best position for them 
is at points where they can discharge into natural water courses. 
The best arrangement for a waste-wier is to make a cut through 
the side of the canal to a level with the bottom of it, so that, in 
case of necessity, the waste-wier may also serve for draining the 
level. The sides and bottom of the cut must be faced with ma- 
sonry, and have grooves left in them to receive stop-plank, or a 
sliding gate, over which the surplus water is allowed to flow, 
under the usual circumstances, but which can be removed, if it 
be found necessary, either to let off a larger amount of water, or 
to drain the level completely. 

731. Temporary Dams. In long levels an accident happen- 
ing at any one point might cause sehous injury to the navigation, 
besides a grcat loss of water. To prevent this, in some meas- 
ure, the width of the canal may be diminished, at several points 
of a long level, to tlie width of a lock, and the sides, at these 
points, may be faced with masonry, arranged with grooves and 
fitop-planks, to form a temporary dam for shutting off the water 
on eilher side. 

732. Tidej or Gtuxrd Lock. The point at which a canal en- 
ters a river requires to be selected with judgment. Generally 
speaking, a bar will be found in the principai water course at, 

* or below, the points where it receives its amuents. When the 
canal, therefore, foUows the Valley of an affluent, its outlet 
should be placed below the bar, to render its navigation perma- 
nently secure from obstruction. A large basin is usually formed 
at the outlet, for the convenience of commerce ; and the entrance 
from this basin to the canal, or from the river to the basin, is ef- 
fected by means of a lock with double gates, so «irranged that a 
boat can be passed either way, according as the level in the one 
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!• higher or lower than that in the otheiT. A lock so arranged is 
termed a üde^ or gwsrd lock^ from its uses. The positioB of 
the tau of this lock is not indifferent in all cases wbere it fofms 
the otttlet to the rirer ; for were the tail placed up stream, it 
would be more difficult to pass in or out, than if it were down 
etream. 

7SE. The general dimensions of canals and their locks in this 
country and in Europe, with occaaional exceptions, do not differ 
in any conaiderable degree. 

English Canals. Two classes of canals are to be met with in 
England, differing materially in their dimensions. The foUowing 
are the usual, dimensions of the cross section of the largest size, 
and those of their locks : — 

Width of section at the water level, from 36 to 40 feet. 
Width at bottom, .... 24 ** 

Depth, ö " 

Length of lock between mitre-sills, 75 to 85 

Width of Chamber, . . . . 15 

The Caledonian canal, in ScQjtland, which connects Loch-Eil 
({jn the Western sea wiÖT Sfurray Firth on the Eastem, is re- 
markable for its size, which will admit of the passage of frigates 
of the second class. The following are the principal dimensions 
of the cross section of the canal and its locks : — 

Width of canal at the water level, 

Width at bottom, 

Depth of water, .... 

Width of berm, 

Length of lock between mitre-sills, 
Width of Chamber at top, 
Lift of lock, . . . 

The side walLs of the locks are built with a curved batter ; 
* they are of the uniform thickness of 6 feet, and are strei^hened 

^ by counterforts, placed about 15 feet apart, which are 4 feet wide 

^ and of the same thickness. The bottom of the Chamber is form- 

ed with an inverted arch. 
' French Canals. In France the following uniform System has 

^^ been established for the dimensions of canals and their locks : — 

r' 

I Width of canal at water level, . . S2 feet. 

^ Width at bottom, . . . . dd to 36 

^ Depth of water, 5 

Length of lock between mtee^sills, . 115 

Width of lock, 17 

The boats adapted to these dimensions are from 105 to 108 
i< feet long, 16^ feet across the beam, and hi^Te a draugbt oi 4 feet. 
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The English and French canals usually have but one tow-path, 
which 18 firom 9 to 12 feet wide, and about 2 feet above the wa- 
ter level. The side of the tow-path embankment next to the 
water-way, is usually faced either with dry stone, masoitry, or 
plank« retained by snort piles. 

CanaU of the United States and Canada. The original di- 
mensions of the New- York Erie canal and its locks, have been 
generally adopted for similar works subsequently constructed in 
most 01 the other states. The dimensions of this canal and its 
locks are as foUows : — 

Width of canal at top, 
Width at bottom, .... 
Depth of water, .... 
Width of tow-path, .... 
Lenffth of locks between mitre-sills, 
Width of locks, .... 

For the enlargement of the Erie canal, th< 
sions have been adopted : — 

Width of canal at top, 

Width at bottom, .... 

Depth of water, .... 

Widlh of tow-path, .... 

Length of locks between mitre-sills, 

Width of lock at top, 

Width of lock at bottom, 

Lift of locks, 

Between the double locks a culvert is placed, which allows 
the water to flow from the level above the lock to the one below, 
when there is a suiplus of water in the former. 

A well, or pit, is left between the lift-wall of the lock and the 
cross wall wmch'retains the earth at the head of the lock to the 
level of the bottom of the canal. This pit, receiving the deposite 
of sand and gravel brought down by the current, prevents it from 
obstnicting the play of the gates. 

On the Chesapeake and Ohio canal, the cross section of the 
canal below Harper's Ferry has received the following dimen- 
sions : — 

Width of canal at top, . . 60 feet. 

Width at bottom, . , . 42 

Depth of water, ..... 6 

Length of locks between mitre-sills, 90 

Width of locks, 15 

The following dimensions have been adopted on the James 
river canal, in Virginia : — 



40 feet. 


2ä 




4 




9to 12 




90 




15 




following 


dimen- 


70 feet. 


42 


cc 


7 


<c 


14 


u 


HO 


tt 


18.8 


u 


14.6 


ii 


8 


(( 



cc 
c< 

Ci 

tt 









• 



CANAL8. 





« 




• 


9 




W> 




• 

50 feet. 




30 " 




5 " 




100 " 




15 " 





Width of canal at top, 
Width at bottom, 
Depth of water, 
Length of locks, 
Width of locks, . . 

The Rideau canal, which connects Lake Ontario with the 
River Ottawa, is arranged for »team navigation. A considerable 
portion of this line consists of siack- water navigation, formed by 
connecting the natural water-courses between the outlets of the 
canal. Tne length of the locks on this canal is 134 feet between 
the mitre-sills, and their width 33 feet. 

The Weiland canal, between lakes Erie and Ontario, as origin- 
ally constructed, received the foUowing dimensions : — 

Width of canal at top, .... 56 feet. 

Width at bottom, .... 24 " 

Depth of water, 8 " 

Length of locks betwen mitre-sills, . 110" 

Width of locks, 22 " 

The canals and locks made to avoid the dangerous rapids of 
the St.^ Lawrence are in all respects among the largest in the 
World. The following are the dimensions of the portion of the 
canal and the locks between Long Sault and Comwall : — 

Width of canal at top, . « . . 132 feet. 

Width at bottom, . . . . 100 " 

Depth of water, . . . . • 8 " 

Width of tow-path, . . , , 12 " 

Length of locks between mitre-sills, , 200 " 

Width of locks at top, • . . 56.6 " 

Width of locks at bottom, . . . 43 '^ 

A berm of 5 feet is left on each side between the Water way 
and the foot of the interior slope of the tow-path. The height 
of the tow-path is 6 feet above the berm. By increasing the 
depth of water in the canal lo 10 feet, the water line at top cui 
be increased to 150 feet. 
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734. Natural features of Rivers. All riTers present the saine 
natural feature« and phenomena, which are moie or less strongly 
laarked and dirersined by the character of the rogion throu^ 
wbich they flow. Taking their rise in the highlands, and gradu- 
aily descending thence to some lake, or sea, their beds are mod- 
iSßd by the nature of the soil of the Valleys in which they lie, 
vai the Telocities of their cuirenta are affected by the same 
causes. Near their sources, their beds are usnally rocky, irregulär, 
narrow, and steep, and their currents are rapid. Approaching 
their outlets, the oeds become wider and more regulär, the de- 

% cUrity less« and the current more gentle and uniiorm. In the 
Upper portions of the beds, their direction is more direct, and the 
obstrüctions met with are usually of a permanent character, aris- 
ihg from the ineqnalities of the bottom. In the Iower portions, 
Itie beds assume a more tortuous course, winding through their 
Valleys, and forming those abrupt bends, termea elbowsy which 
leem subject to no fixed laws ; and here are found those ob- 
structioas, of a more changeable character, tenned bars^ which 
are caused by deposites in the bed, arising from the wear of the 
banks bythe cuirent. 

735. The relations which are found to ezist between the cross 
•ection of a river, its longitudinal slope, the nature of its bed, 
and its Tokme of water, are tenned tne regimen of the river. 
When theie relations remain permanently invariable, or change 
«IMiBnsibly with time, the river la said to have di fixed regimen. 

736. ftost rivera acquire in time a fixed regimen, although 

Siriodically^ and someümes accidentally, subject to changes 
on^ freshets caused by the melting of snow, and heavy falls of 
rain. These variations in the volume of water thrown into the 
bed, cause corresponding changes in the velocity of the current, 
and in the form and dimensions of the bed. These changes will 
depend on the character of the soil, and the width of the Valley. 
In narrow Valleys, where the banks do not readily yield to the 
action of the current, the effects of any Variation of velocity will 
only be temporarily to deepen the bed. In wide Valleys, where 
the soil of tne banks is more easily worn by the current than the 
bottom, any increase in the volume of water will widen the bed ; 
and if one bank yields more than the other, an elbow will be 
formed, and the position of the bed will be gradually shifted to- 
waids the concave side of the elbow. 
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7ä7. The fermation of elboiws occftsioiiti alio ttimti<MS m tkx 
i&p(k and Telocity of the water. The ^atetft d^yth is fouii# 
at the concaire aide. At the atraight pomoiM whicb coimect twm 
etbowB, the depth is found to decreaae^ and the Yeleci^ of tbe 
eorrent to increase. The bottom of the bed thus preaents a ae- 
riea of undulations, formmg afaallowa and deep pook, with rapid 
and gentle currents. 

738. Bara are formed at thoae pointa, wfaere from any cause 
the velocity of the current receivea a audden check. Tfae 
particles auspended in the water^ or borne along over the bottom 
of the bed by the current, are depoaited at theae poim», and coih^ 
tinue to accumulate, until, by the gradual filhng of the bed, the 
water acqüires sufflcient velocity to bear farther on the partidisll 
ihat reach the bar, when the river at thia point aequirea and t^ 
lains a fixed regimen, until disturbed by aome new cauae. 

739. The pointa at which theae chaneea of velocity nauattf 
take place, and near which bars are found, are at the junction ef 
a river with ita af&uents, at those pointa where the bed of the river 
receivea a conaiderable increaae in width, at the atraight portiotit 
of the bed between elbowa, and at the outlet of the river to the 
aea. The character of the bara will depend upon that of the aoü 
of the banka, and the velocity of the current. Generally apeak- 
ing, the bara in the upper portiona of the bed will be composed 
of particlea which are larger than thoae by which they are formed 
lower down. Theae accumulationa at the moutha of large rivexii 
form in time extensive shallowa, and great obatructiona to the 
diachaige of liie water during the seasona of freaheta. The rivea 
then, not finding a aufficient outlet by the ordinary Channel, q# 
cavates for itaelf others through the moat yieUing parta of the 
depoaitea. In thia manner are formed thoae featurea which char- 
acterize the oudeta of many large rivera, and which are termed 
delta, after the name given to the peculiar shape ef the outleH 
of the Nile. 

740. River Improvements. There is no aubject that falls witk» 
in the province of the engineer'a art, that preaenta greater dÜb^ 
culties and more uncertain isaues than the iinprovement of rivera. 
Ever subject to important changea in their regimen, aa the re- 
giona by which they are fed are cleared of their foreats ani 
brought under cultivation, one Century sees them deep, flowii^ 
with an equable curreiit, and liable only to a gradual increaae in 

l'^ volume during the aeaaona of freshets ; while the next finda their 

,^ beda a prey to audden and great freshets, which leave them, aftef 

j. their violent passage, obstructed by ever shifting bars and elbowa. 

Besides these revolutions brought about in the course of yean% 
every obstruction temporarily placed in the way of the curreali 
firery attempt to guard one point from ita action by any artificiil 
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meai», ine?itably produce« some eorrespondiog change at another, 
which can seldom be foreseen, and for which the remed j applied 
may prove bat a new cause of bann. Thus, a bar removed from 
One point is found gradually to fonn lower down ; one bank pro* 
tecteid firom the current's force transfeis its action to the opposite 
ODe, on any increase of volume firom freshets» widening the bed> 
and firequently giving a new direction to the channel. Owing to 
dieae ever Tarying causes of change, the best weighed plans of 
river improyement sometimes result in complete failure. 

741. In fonninff a plan for a river improTement, the principal 
objects to be considered by the engineer, are, Ist» The means to 
be taken to protect the banks firom the action of the current. 
8d) Those to prerent inundations of the surrounding country. 
3dy The removal of bars, elbows» and other natural obstructions 
to navigation. 4thy The means to be resorted to for obtaining a 
suitable depth of water for boats, of a proper tonnage, for the 
trade on the river. 

742. Means forprotecHng the banks. To protect the bank», 
either the velocity of the current in-shore must be decreased so 
at to lessen its action on the soil ; or eise a facing of some ma- 
terial sufficiently durable to resist its action must be employed. 
The former method may be used when the banks are low and 
have a gentle declivity. The simplest plan for this purpose con- 
•ists either in planting such shrubbery on the declivity as will 
thrire near water ; or by driving down short pickets and interla- 
cing them with twigs, forming a lund of wicker-work. These con- 
structions break the force of the current, and diminish its velocity 
Hear the shwe, and thus cause the water to deposite its finer par- 
ticles, which gradually fiU out and strengthen the banks. If the 
banks are high, and arQ subject to cave in from the action of the 
current on uieir base, they may be either cut down to a gentle 
declivi^, as in the last case ; or eise they may receive a slope 
of nearly 45°, and be faced with dry stone, care , being taken to 
secure the base by blocks of loose stone, or by a facing of brush 
and stone laidin altemate la^ers. 

743. Measures against inundations. At the points in the 
course of a rirer where inundations are to be apprehended, the 
water-way, if practicable, should be jncreased ; all obstructions 
to.the firee discharge of the water below the point should be re- 
moved ; and dikes of earth, usually termed leveesj should be 
raised on each side of the river. By increasing the water-way a 
temporaiy improvement only will be effected ; for, except in the 
season ot fireshets, the velocity of the current at this point will be 
80 »much decreased as to form deposites, which, at some future 
day, may prove a cause of damage. In confining the water be- 
tween levles, twomethods have been tried ; the one consists in 
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leavinff a water-way strictly necessary for the diseharge of fresh- 
ets ; the other in giving the stream a wide bed. The ro in Italy 
and the Mississippi present examples of the fonner method ; the 
effect of which in both cases has been to raise the bed of the 
stream so much that in many parts the water is habitually above 
the natural surface of the country, leaving it exposed to serious 
inundations should the lev^es give way. The other method 
has been tried on the Loire in France, and Observation has 
proved that the general leyel of the bed has not sensibly risen 
for a long seriös of yeairs ; but it has been found that the bars, 
which are formed alter each freshet, are shifted constantly by 
the next, so that when the waters have subsided to their ordinary 
State, the navigation is extremely intricate from this cause. Other 
means have been tried, such as opening new Channels at the ex- 
posed points, or building dams above them to keep the water 
back ; but they have all been found to afford only a temporary 
relief. 

744. Elbows. The constant wear of the bank, and shifting 
of the Channel towards the concave side of elbows, have led to 
various plans for removing the inconveniences which they prcr 
sent tp navigation. The method which has been most generally 
tried for this purpose consists in building out dikes, termtdunng' 
damSy from thd concave side into the stream, placin^ them either 
at right angles to the thread of the current, or obiiq[uely down 
stream, so as to deflect the current towards the oppositß shore. 




Fig. 174— Reproseots a sectiou of the timber wing-dams on the Po, formed of plank nailed 
on the inciined pieces of the ribs. ^ , , - 

ab and bc, inclined facee of the dam, the fint making an angle of 63o, and the secood 
of 230 with Üie horizon. 

tf and e, pieces of the rib. 

/•nd gt hOTMontal piecea conwwting tha riba. 
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Wing-dams «re U8uall]r constructed either of blocks of stoDf 
of crib^work farmed of heavy timberg filled in with broken stoiv 
or cf altemale layen of grayel and fascines. Within a few ye« 
back, wing-damsy consisting simply of a seriea of vertical firaone 
or ribs, (flg. 174,) strongly connected Uwether, and covered c 
the up-stream akle by thick plank, whicn present a broken in- 
dined plane to the current, the Iower part odf which is less steep 
than the upper, have been used upon the Po, with, it is statea, 
complete sttcoess, for arresting the wear of a bank by the cur- . 
rent. These dams aie jdaced at aome distance above the point 
to be protected, and theirplan is sUghtly conrex on the np-stream 
side. 

Wing-dams of the oidinaiy form and constniction are now 
leffaid^ from the ezperience of a long series of yeais on the 
Rhine, and some other rivers in Europe, as little senriceable, if 
not positively huitful, as a river impro? ement, and the abandon- 
ment of their use has been strongly urged by engineers in France. 

The action of the cuirent against the side of the dam causes 
wfairis and counter-corrents, which are found to undermine the 
base of the dam, and the bank adjacent to it. Shallows and bars 
are formed in the bed of the stream, near the dam, by the debris 
bome along by the current after it passes the dam, giving very 
frequently a more tortuous course to the Channel thain it had na- 
turally assumed in the elbow. The best method yet found of 
ariMting the progress of an elbow is to protect the concave bank 
by a facing ot dnf stone, formed by throwing in loose blocks of 
stone along the foot of the bank, and giving them the slope they 
naturally assmne when thus thrown in. 

745. Elbows npon most rivers finally xeach that State of de- 
▼elopment in which the wear upon the concave side, from the 
action of the current, will be entiiely suspended, and the regi- 
men of the river at these points will remain stable. This State 
will depend upon the nature of the scnl of the banks and bed, 
and the character of the freshets. From obseirations made upon 
the Rhine, it is stated that elbows, with a radius of curvature of 
nearly 3000 yaids, preserve a fiz^ regimen ; and that the banks 
of those which have a radius of about 1500 yaids are seldom 
injured if properly &ced. 

746. Attempts have, in some cases, been made to shorten and 
straighten the course of a river, by cutting across the tongue of 
land that forms the convex bank of the elbow, and tuming the 
water into a new chamieL It has generally been found that the 
stream in time forms for itself a new bed of nearly the same char- 
acter as it originally had. 

747. Bars, To obtain a sufficient depth of wat^ over bats, 
ihe deposite must either be scooped up by machinery, and be 



conveyed away^ or be removed by giTing an inoieased velocity 
to the current. When the latter plan iß preferred, an artificial 
Channel is fonned^ by contracting the natural way, confining it 
between two low dikes, which should rise only a little above the 
ordinary level (Ä low water, so that a sufficient outlet may be left 
for the water during the season of freshets, by aUowing it to flow 
over the dams. 

If the riyer separates into several Channels at the bar, dams 
should be built across all except the main Channel, so that by 
throwing the whole of the water into it the effects of the current 
may be greater upon the bed. 

The longitudinal dikes, between which the main Channel ia 
confined, should be placed as nearly as practicable in the direc* 
tion which the Channel has naturally assumed. If it be deemed 
advisable tochange the position of the Channel, it should be shift- 
ed to that side of Üie bed which will yield most readily to the 
action of the current 

748. In situations where large reserrcurs can be formed near 
the bar, the water from them may be used for removing it. For 
this purpose an outlet is made from the reservoir, in the direction 
of the Dar, which is closed by a gate that tums upon a vertical 
axis, and is so arranged that it can be suddenly thrown open to 
let off the water. The chase of water formed in this way sweep- 
ing over the bar will prevent the accumulation of deposites upon 
it. This plan is frequently resorted to in Europe for the removal 
of deposites that accumulate at the mouth of harbors in those lo- 
calities where, from the height to which the tide rises, a great 
head of water can be obtained in the reseryoirs. 

749. In the improyement of the mouths of rivers which empty 
into the sea through several Channels, no obstruction should be 

{laced to the free ingress of the tides through all the Channels, 
f the main Channel is subject to obstructions from deposites, 
dams should be built across the secondary Channels, which may 
be so arranged with cuts through them closed by gates, that the 
flood-tide will meet with no obstruction firom the gates, while the 
ebb-tide, causing the gates to close, wiU be forced to recede 
through the main Channel, which, in this way, will be daily 
scoured, and freed from deposites by the ebb current. The same 
object may be e£fected by buikUog dams without inlets across 
the secondary Channels, giving them such a height that at a cer- 
tain stage of the flood-tide, me water will flow over them, and 
£11 the Channels above the dams. The portion of water thus 
dammed in will be forced through tlie main Channel at the ebb. 

750. When the bed is obstructed by rocks, it may be deepened 
by blastin^ the rocks, and removing the fragments with the aa» 
sistance of the diving-bell, and other machinery. 
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751. In some of our riven, obstructioiiB of a rerj dangerous 
character to boaU are met with, in the trunks of large trees 
which are imbedded in the bottom at one end» while the other is 
near the surface ; they are termed snags and sawyers by the 
boatmen. These obstructiona have been very successfully re- 
moved, within late years, by means of machinery, and by pro* 
Delling two heavy boats, moyed by steam, which are connected 
oy a strong beam acrosa their bows, so that the beam will strike 
the snag, and either break it off near the bottom, or uproot it 
Other obstructions, termed rafts^ formed by the accumulation of 
drift wood at points of a riyer's course, are also found in some 
of our westem rivers. These are also in process of removal, by 
cutting through them by vanous means wnich have been found 
successful. 

752. Slack-Water Navigation. When the general depth of 
water in a river is inaufficient for the draught of boats of the 
most suitable size for the trade on it, an improvement, termed 
slack-toater, or lock and dam navigaHon^ is resorted to. This 
consists in dividing the course into several suitable ponds, by 
forming dams to keep the 'Water in the pond at a constant head ; 
and by passing firom one pond to another by locks at the ends of 
the dams. 

^ 753. The position of the dams, and the number requisite, will 
depend upon the locality. In streams subject to heavy freshets, 
it will ffenerally be advisable to place the dams at the widest 
parts Ol the bedf, to obtain the greatest outlet for the water oyer 
the dam. The dams may be built either in a straight line be- 
tween the banks and perpendicular to the thread of the current, 
or they may be in a straight line oblique to the current, or their 
plan may be convex, the conrex surface being up stream, or it 
may be a broken line presenting an angle up stream. The three 
last forms offer a greater outlet than the nrst to the water that 
flows over the dam, but are more liable to cause injury to the 
bed below the stream, from the oblique direction which the cur- 
rent may receire, arising from the form of the dam at top. 

754. The cross section of a dam is usually trapezoidal, the 
face up-stream being incUned, and the one dfown-stream either 
yertical or inclined. When the down stream face is yertical, the 
velocity of the water which flows oyer the dam is destroyed by 
the shock against the water of the pond below the dam, but 
whirls are formed which are more destructiye to the bed than 
would be the action of the current upon it along the inclined face 
of a dam. In all cases the sides ana bed of the stream, for some 
distance below the dam, should be protected from the action of 
ihe current by a facinff of dry stone, timber, or any other con- 
struction of sufficient durability for the object in yiew. 
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755. The dams should receive a suffioient height txaly to 
maintain the requisite depth of water in the ponds for the pur* 
poses of navigation. Any material at hand, offering sufficient 
durability against the action of the water, may be resorted to in 
their construction. Dams of alternate layers of brush and gravel, 
with a facing of plank, fascines/ or dry*stone, answer very well 
in gentle currents. If the dam is exposed to heavy freshets, to 
shocks of ice, and other heavy iloating bodies, as drift*wood, it 
would be more prudent to form it of diy »tone entirely^ or of 
crib-work filled with stone ; or, if the last material cannot be ob- 
tained, of a soUd crib-work alone. If the dam is to be made 
water-tight, sand and gravel in sufBcient quantity may be tbrown 
in against it in the upper pond. The points where tne dam joina 
the banks, which are termed the roots of the dam, require par<* 
ticular attention to prevent the water from filtering around them« 
l'he ordinary precaution for this is to build the dam some dis* 
tance back into the banks. 

756. The safest means of conmiunication between the ponda 
is by an ordinary lock. It should be placed at one extremity of 
the dam, an excavation in the bank being made for it, to secure 
it from damage by floating bodies brought down by the current. 
The sides of the lock and a portion of the dam near it should be 

aised sufficientiy high to prevent them from being overflowed 
by the heaviest freshets. When the height to which the freshets 
rise is great, the leaves of the head gates should be formed of 
two parts, as a^single leaf would, from its size, be too unwieldy ; 
the lower portion being of a suitable height for the ordinary man- 
ceuvres of the lock ; the upper, being used only during the fre^- 
ets, are so arranged that their bottom cross pieces shall rest, 
when the gates are closed, against the top of the lower portions. 
An arrangement somewhat similar to this may be made for the 
tail gates, when the lifts of the locks are great, to avoid the diffi* 
culty of manoeuvring very high gates, by permanently closing 
the Upper part of the entrance to the lock at the tail gates, either 
by a wall built between the side walls, or by a permanent frame- 
work, below which a sufficient height is left for the boats to pass. 

757. A common, but unsafe method of passing from one pond 
to another, is that which is termed flashing ; it consists of a 
sluice in the dam, which is opened and closed by means of a 
gate revolving on a vertical axis, which is so arranged that it can 
be mancBuvred with ease. One plan for this purpose is to divide 
tlie gate into two unequal parts by an axis, and to place a valve 
of such dimensions in the greater, that when opened the surface 
against which the water presses shall be less than that of the 
smaller part. The play of the gate is thus rendered very simple ; 
when the valve is- snut, the pressure of water on the larger sur- 
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free closes it agaüist die aide« of die sKiice ; when the yalve is 
opened, the gate swiim round and takes a positicm in the diree- 
tion of the ciurrent. Various other plans for flashing, on similar 
principles, a^^ be met with. 

758. When fne obstructicm in a river cannot be overcome by 
any of the precedinff medns, as for example in those considerable 
descentfl in the bed known as rapids, where the water acquires 
a veloci^ so great that a boat can neither ascend nor descend 
with 8aiety, resoit must be had to a canal for the purpose of 
uniting its navigable parts above and below the obstruction. 

The general direction of the canal will be parallel to the bed 
of the river. In some cases it may occupy a part of the bed by 
fonning a dike in the bed parallel to the bank, and sufficiently fir 
from it to give the requisite width to the canaJ. Whaterer posi- 
tion the canal may occupy, every precaution should be takeo to 
aecure it from damage by fresbets. 

759. A lock will usually be necessary at each extremity of the 
canal where it joina the river. The positions for the extreme locka 
ahouki be carefully chosen, so that the boatscan at all times en- 
ter them with ease and aafety. The locks should be secured by 
guard gates and other suitable means from frreshets ; and if they 
are liable to be obstructed by deposites, arrangements should be 
made for their remoTal either by a chase of wat^, or by ma- 
chinery. 

If the rirer should not present a sufScient depth of water at 
all seasons for entering the canal from it, a dam will be required 
at some point near the lock to obtain the depdi requisite. 

It may be adrisable in some cases, insteaÜ of piacing the ex- 
treme locks at the öutlets of the canal to the river, to form a ca- 
paciotts basin at each extremity of the canal between the lock 
and river, where the boats can lie in safety. The outlets from 
the basins to the rivers may either be left open at all times, or 
eise guard gates may be placed at them to shut off the water 
during freshets. 
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700. Thb foUowiog subdiviflions may be made of the work» 
belonging lo this class of improvements. Ist. Artifioial Road- 
steads. 2d. The works required for natural and artificial, Har* 
boTB. 8d. The works for tne protection of tbe seacoaat against 
dio action of the sea. 

761. Befoare adopting any definitire plan for the improTemeiit 
<^lhe seacoast at any point, the action of the tides, cfurrents, and 
wavea at that point must be ascertained. 

762. The theory of tides is well understood ; their rise and 
duration, caused by the aUxaction of the sun and mocm, are also de- 
p^ident on the strength and direction of the wind, and thec<»for- 
mation of the shore. Along our own seaboard, tbe highest tides 
▼ary greatly between the most southern and northem parts, At 
Eastport, Me., the highest tides, when not affected by the wind, 
Tary between twenty-fire and tbirty feet above the ordinary low 
w#ter. At Boston they rise from eleyen to twelve feet above 
the same point, under similar circumstances ; and frpm New- 
York, foUowing the line of tbe seaboard to Florida, they seldom 
riae aboye five feet. 

763. Currents are principally caused by tbe tides, assisted, in 
some cases, by the wind. The theory of their action is siinpie. 
From the main current, which sweeps along the coast, secondary 
currents proceed into üie bays^ or indentations, in a line more or 
less direct, until they strike some point of the shore, from which 
ihey are deflected, and frequently separate into several others, 
the main branch following the general directi<m which it had 
when it Struck the shore, and the others not unfrequently taking 
an opposite direction, fonning what are termed counter currents^ 
and, at points where the opposite currents meet, that rotary mo- 
tion of the water known as wUrlpools^ The action of curr^sts 
on the coast is to wear it away at those points against which 
they directly impinge, and to transport the debris to other points, 
tbus forming, and sometimes removing, natural obstnictions to 
navigation. These continual changes, caused by currents, make 
it extremely difficult to foresee their effects, ana to foretell the 
consequences which will arise from any change in the direction, 
or the intensity of a current, occasioned by artificial obstacles* 

764. A good theory of waves, which shall satisfactorily ex- 
plain all their phenomena, is still a desideratum in science» It 
m known tbal they are produced by winds acting on tbe suariace 
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of the sea ; but how i'ar this action extends below the surface, 
and what are its effecto at various depths, are questions that re- 
main to be answered. The most comi^only received theory is, 
that a wäre is a simple oscillation of the water, in which each 
particle rises and falls, in a vertical line, a certain distance during 
each oscillation, without receiving any motion of translation in a 
horizontal direction. It has been objected to this theory that it 
fails to explain inany phenomena obsenred in connection with 
wayes. 

In a recent Prench Vork on this subject, its author, Colonel 
Emy, an engineer of high standing, combats the received theory ; 
and contends that the paiticles of water receive also a motion 
of translation horizontally, which, with that of ascension, causes 
the particles to assume an orbicular motion, each particle de- 
scribmff an orbit, which he supposes to be elliptical. He farther 
contends, that in this manner the particles at the surface com- 
municate their motion to those just oelow them, and these a^ain 
to the next, and so on downwwl, the intensity decreasing £rom 
the surface, without however becoming insensible at even very 
considerable depths ; and that, in this way, owing to the reaction 
from the bottom, an immense voIume of water is propelied along 
the boltom itself, with a motion of translation so powerful as to 
overthrow obstacles of the greatest strenffth if directly opposed 
to it. From this he argues that walls built to resist the shock of 
the waves should receive a Tery great batir at the base, and that 
this batir should * be gradually decreased upward, until, towards 
the top, the wall should project over, thus presenting a concave 
surface at top to throw the water back. By adopting this form, 
he contends that the mass of water, which is roJled forward, as 
it were, on the bottom, when it strikes the face of the wall, will 
ascend along it, and thus gradually lose its momentum. These 
views of Colonel Emy have been attacked by otber engineers, 
who have had opportunities to observe the same phenomena, on 
the ground that they are not supported by facts ; and the question 
still remains undecided. It is certain, from experiments made 
by the author quoted upon walls of the form here described, that 
they seem to answer fiuly their intended purpose. 

765. Roadsteads. The term roadstead is applied to an in- 
dentation of the coast, where vessels may ride securely at an- 
chor under all circumstances of weatlier. If the indentation is 
covered by natural projections of the land, or capes, from the 
action of the winds and waves, it is said to be land-locked ; in 
the contrary case, it is termed an open roadstead. 

The anchorage of open roadsteads is often insecure, owing to 
violent winds setting into them from the sea, and occasioning 
high waves, which are very straining to the moorings. The 
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temedy applied in this case is to place an obstruction, near tne 
entrance of tbe roadstead, to break the force of the waves from 
tbe sea. These obstructions, termed breakwaters, are artificial 
islands of greater or less extent, and of variable form, according- 
to the nature of the case, made by throwing heavy blocks of 
stone into the sea, and allowing them to take their own bed. 

The first great work of this kind undertaken in modern times, 
was the one at Cherbourg in France, to cover the roadstead in 
front of that town. After some trials to break the eifects of the 
waves on the roadstead by placing large conical shaped struc- 
tures of timber filled with stones across it, which resulted in 
failure, as these vessels were completely destroyed by subsequent 
storms, the plan was adopted of forming a breakwater by throw- 
ing in loose blocks of stone, and allowing the mass to assume the 
form produced by the action of the waves upon its surface. The 
subsequent experience of many years, during which this work 
has been exposed to the most violent tempests, has shown that 
the action of the sea on the exposed surface is not very sensible 
at this locaUty at a depth of about 20 feet below the water level 
of the lowest tides, as the blocks of stone forming this part 
of the breakwater, some of which do not average over 40 Ibs. 
in weight, have not been displaced from the slope the mass 
first assumed, which was somewhat less than one perpendicular 
to one base. From this point upwards, and particularly between 
the levels of high and low water, the action of the waves has 
been very powerful at times, during violent gales, displacing 
blocks of several tons weight, throwing them over the top of the 
breakwater upon the slope towards the shore. Wherever this 

Eart of the surface has oeen exposed the blocks of stone have 
een gradually worn down by the action of the waves, and the 
slope has become less and less steep, from year to year, until 
finally the surface assumed a shghtly concave slope, which, at 
some points, was as great as ten base to one perpendicular. 

The experience acquired at this -work has conclusively show;n 
that breakwaters, formed of the heaviest blocks of loose stone, 
are always liable to damage in heavy gales when the sea breaks 
over them, and that the only means of securing them is by cov- 
ering the exposed surface with a facing of heavy blocks of ham- 
mered stone carefuUy set in hydraulic cement. 

As the Cherbourg breakwater is intended also as a military 
construction, for the protection of the roadstead against an ene- 
my's fleet, the cross section shown in (Fig. 175) has been adopt- 
ed for it. Profiting by the experieiice of many years' Observation, 
it was decided to construct the work that forms the cannon battery 
of solid masonry laid on a thick and broad bed of beton. The 
top surface of the breakwater is covered with heavy loose blocks 
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of sbHM, and the foot of tbe wall on tbe ftco is prolected ^ 
luge blocka of aitificial atone fomied of beton. Toe top of Üva 
battery is aboat IS feet abore the higheM water level. 
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The next work of ^e kind was built to oorer the roadstead of 
Plymouth in England. Ita cross sectÜMi was, at first, made with 
an interior slope of one and a half base to one peipendiculai, and 
an ezterior slope gf only three base to one perj^ndicular ; but 
from the dainage it susiainod in tbe seTere tempests is the 
winter of 1616-17, it is tbought that its exterior slope was too 
abrupt. 

A work of the aame kind is still in process of constnictitHi on 
OUT coast, off the mouth of tbe Delaware. The same cross sec- 
tion has been adopted for it as in the one at Cherbouiv. 

All of these works were made in the same way, discharging 
the stone on the spot, fiom Tessels, and allowing it to take its 
own bed, except for the facing, wbere, when practicable, tbe 
blocks were carefully laid, ao as to present a uniform surface to 
the waves. Tbe interior of the moss, in each case, has been 
formed of stone in small blocks, and the facing of very large 
blocks. It is thought, bowever, that it would be more prudenl 
to form the whole of Isrge blocks, because, were the exterior to 
suffer damage, and expenence shows that the heaviest blocks yet 
used have at times been displaced by the shock of the waves, the 
inteiior would still present a great obstacle. 

From the foregoing details, respecting the cross sections of 
breakwaters, which from experiment have been found to anawer, 
the proper form and dimensions of the cross sectioa in simüar 
casea may be arranged. As to the plan of such works, it must 
depend on the locality. The position of the breakwater should 
be chosen with regard to the direction of the heaviest swells from 
the aea, into the roadstead, — the action of the current, and that 
of the warea. The part of the roadstead which it coveis should 
affivd a proper depth of water, and secure anchorage for vessels 
of the largest class, duriug the most severe storms ; and vessels 
•hoold be able to dctuble £e breakwater under all ciicumstaoces 
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'^f wind and tide. Such a poi^ition should, moreover, be cboaen 
. that there will bc no liability to obstfuclions being formed within 

the roadstead, or at any of its outlets, from the change in the 

current which may be made by the breakwater. 

766. The difficulty of obtaining very heavy block» of stone, 
as well as their great cost,.has led to the Suggestion of substitu- 
ting for them blocks of artificial stone, formed of concreto, which 
can be made of any shape and size desirable. This plan has 
been tried with success in several instances, particularly in a 
jetty or mole, at Algiers, constructed by the French government. 
The beton for a portion of this work was placed in large boxes, 
the sides of which were of wood, shaped at bottom to correspond 
to the irregularities of the bottom on which the beton was to be 
spread. The bottom of the box was made of streng canvass tar- 
red. These boxes were first sunk in the position for which they 
were constructed, and then filled with the beton. 

767. Harbors, The terra harhor is applied to a secure an- 
chorage of a more limited capacity than a roadstead, and there- 
fore offering a safer refuge during boisterous weather. Harbors 
are either natural, or artificial. 

768. An artificial harbor is usually formed by enclosing a 
Space on the coast between two arms, or dikes of stone, or of 
wood, tennedjetties, which project into the sea from the shore, 
in such a way as to corer the harbor from the action of the wind 
and waves. 

769. The plan of each jetty is curved, and the space enclosed 
by the two will depend on the number of vessels which it may 
be supposed will be in the harbor at the same time. The dis- 
tance between the ends, or heads, of the jetties, which forms the 
mouth of the harbor, will also depend on local circumstances ;. 
it should seldom be less than one hundred yards, and generally 
need not be more than five hundred. There are certain winds 
at every point of a coast which are more unfavorable than others 
to vessels entering and quitting the harbor, and to the tranquil- 
lity of its water. One of the jetties should, on this account^ be 
longer than the other, and be so placed that it will both break 
ihe force of the heaviest swells from the sea into the mouth of 
the harbor, and facilitate the ingress and egress of vessels, by 
preventing them from being driven by the winds on the other 
jetty, just as they are entering or quitting the mouth. 

770. The cross section, and construction of a stone jelly differ 
in nothing from those of a breakwater, except that the jelly is 
usually wider on top, thirty feet being allowed, as it serves foi 
a wharf in unloading vessels. The head of the jelly is usually 
made circular, and considerably broader ihan the other parts, as 
it, in some instances, receives a lighthouse, and a ballery of can- 
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non. It sbould be made with great care, of large blocks of stone 
well united by iron, or copper cramps« and the exterior courses 
should moreover be protected by fender beams of hea?y timber, 
to receive the shock of floatinff bodies. 

771. Wooden jetties are ^rmed of an open frame work of 
heavy timber, the sides of which are covered on the interior by 
a strong sheeting of thick plank. Each rib of the frame 
(Fig. 176) consists of two incfined pieces, which fonn the sides, 




Fig. 176— Represents a eroas section of a wooden jetty. 

a, foundation piles. 

fr, inclined aide pieces. 

e, middle upright. 

dt croflB pieces Dolted in pain. 

tf, Btruts. 

m, kmgitadinal pieces bolted in pairs. 

0, parapet. 



— of an upright centre piece, — andx>f horizontal clamping pieces, 
which are notched and bolted in pairs on the inclined and upright 
pieces ; the inclined pieces are farther strengthened by struts, 
which abut against them and the upright. The ribs are con- 
nected by large string-pieces, laid horizontally, which are notched 
and bolted on the inchned pieces, the uprights, and the clamping 
pieces, at their points of junction. The foundation, on which 
this framework rests, consists usually of three rows of large 
piles driven under the foot of the inclined pieces and the uprights. 
The rows of piles are firmly connected by cross and longiludinal 
beams notched and bolted on them ; and they are, moreover, 
firmly united to the framework in a similar manner. Th^ inte- 
rior sheeting does not, in all cases, extend the entire length of 
the sides, but open spaces, termed clear-ways, are often left, to 
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SVe a free passage and spread to the waves confined between 
e jetties, for the purpose of fonning smooth water in the Chan- 
nel. If the jetties are covered at iheir back with earth, the clear 
ways receive the form of inclined planes. 

The foundalion of the jetties requires particular care, espe- 
cially when the channel between them is very narrow. Loose 
stone thrown around the piles is the ordinary construction used 
for this purpose ; and, if it be deemed necessary, the bottom of 
the entire channel may be protected by an apron of brush and 
loose stone. 

The top of the jetties is covered with a flooring of thick plank, 
which serves as a wharf. A streng band railing should be 
placed on each side of the flooring as a protection against acci- 
dents. The sides of jetties have been variously inclined ; the 
more usual inclination varies between three and four perpendicu- 
lar to one base. 

772. Jetties are sometimes built out to form a passage to a 
natural harbor, which is either very much exposed, or subject to 
bars at its mouth. By narrowing the passage to the harbor be- 
tween the jetties, great velocity is given to the current caused 
by the tide, and this alone will free the greater part of the chanr 
nel from deposites. But at the head of the jetties a bar will, in 
almost every case, - be found to accumulate, from the current 
along shore; which is broken by the jetties, and from the dimin- 
ished velocity of the ebbing tides at this point. To remove these 
bars resort may be had, in localities where they are left nearly 
dry at low water, to reservoirs, and sluices, arranged with turn- 
ing gates, like those adverted to for, river improvements. The 
reservoirs are formed by excavating a large basin in-shore, at 
some suitable point from which the coUected water can be di- 
rected, with its fiill force, on the bar. The basin will be fiUed 
at flood-tide, and when the ebb commences the sluice gates will 
be kept closed until dead low water, when they should all be 
opened at once to give a strong water chase. 

773. In harbors where vessels cannot be safely and conve- 
niently moored alongside of the quays, large basins, termed wet- 
docksy are formed, in which the water can be kept at a constant 
level. A wet-dock may be made either by an in-shore excavation, 
or by enclosing a part of the harbor with strong water-tight walls ; 
the first is the more usual plan. The entrance to the basin may 
be by a simple sluice, closed by ordinary lock gates, or by means 
of an ordinary lock. With thei first method vessels can enter 
the basin only at high tide ; by the last they may be entered or 
j)asse*d out at any period of the tide. The outlet of the lock 
should be provided with a pair of guard gates, to be shut against 
very high tides, or in cases of danger from storms. 
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'774. The construction of the iocks for basins differs in nothing, 
in principle, from that pursued in canal Iocks. The greatest 
care will necessarily be taken to form a strong mass free irom all 
danger of accidents. The gates of a basin-lock are made convex 
towards the head of water, to give them more strength to resist 
the great pressure upon them. They are hang and manceuvred 
diiferently from ordinary lock gates ; the quoin-post is attached 
to the side walls in the usual way : but at the foot of the mitre- 
post an iron or brass roller is attached, which runs on an iron 
roller way, and thus supports that end of the leaf, relieving the 
collar of the quoin-post from the strain that would be otherwise 
thrown on it, besides giviDg the leaf an easy play. Chiains are 
attached to each mitre-post near the centre of pressure of the 
water, and the ffate is opened, or closed, by means of windlasses 
to which the other ends of the chains are ^stened. 

775. The ouays of wet-docks are usually built of masonry. 
Both brick and stone have been used ; the facing at least should 
he of dressed stone. Large fender-beams may be attached to 
the face of the wall, to prevent it from being brought in contact 
with the sides of the vessels. The cioss section of quay-walls 
should be fixed on the same principles as that of other sustaimng 
walls. It might be prudent to ada buttresses to the back of the 
wall to strengthen it against the shocks of the vessels. 

776. Quay-walls with us are ordinarily made either by fonn- 
ing a facing of heavy round or Square piles driven in juxtaposition, 
which are connected by horizontal pieces, and secured nrom the 
pressure of the earth nlled in behind them by land-ties ; or, by 
placing the pieces horizontally upon each other, and securiog 
them by iron bolts. Land-ties are used to counteract the pres- 
sure of the earth or rubbish which is thrown in behind them to 
form the surface of the quay. Another mode of construction, 
which is found to be strong and durable, is in use in our Eastern 
seaports. It consists in making a kind of crib-work of laree 
blocks of granite, and filling in with earth and stone rubbish. 
The bottom course of the crib may be laid on the bed of the 
river, if it is firm and horizontal ; m the contrary case a strong 
grillage, termed a cradle^ must be made, and be sunk to receive 
the stone work. The top of the cradle should be horizontal, and 
the bottom should receive the same slope as that of the bed, in 
Order that when the stones are laid they may settle horizontally. 

777. Dikes. To protect the lowlands bordering the ocean from 
inundations, dikes, constructed of ordinary earth, and faced to- 
wards the sea with some material which will resist the action of 
the current, are usually resorted to. 

The Dutch dikes, by means of which a large extent of country 
has been reclaimed and protected from the sea, are the most re- 
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markable structures of this kind in existence. The cross section 
of those dikes is of a trapezoidal form, the width at topaveraging 
from four to six feet, the interior slope being the same as the na- 
tural slope of the earth, and the exterior slope varjring, according 
to circumstances, between ihree and twelve base to one perpendic- 
ular, The top of the dike, for perfect safety, should be about 
six feet above the level of the highest spring tides, although» in 
many places, they are only two or three above this level. 

The earth for these dikes is taken from a ditch in-shore, be- 
tween which and the foot of the dike a space of about twenty 
feet is left, which answers for a road. The exterior slope is va- 
riously faced, according to the means at band, and the character 
of the current and waves at the point. In some cases, a streng 
straw thatch is put on, and firmly secured by pickets, or other 
means ; in others, a layer of fascines is spread over the thatch, 
and is strongly picketed to it, the ends of the pickets being al- 
lowed to project out about eighteen inches, so that they can re- 
ceive a wicker-work formed by interlacing them with twigs ; 
the Spaces between this wicker-work being filled with broken 
stone ; this forms a very durable and strong facing, which resists 
not only the action of the current, but, by its elasticity, the shocks 
of the heaviest waves. 

The foot of the exterior slope reqüires peculiar care for its 
protection ; the shore, for this purpose, is in some places cover- 
ed with a thick apron of brush and gravel in altemate layers, to 
a distance of one hundred yards into the water from the foot of 
the slope. 

On some parts of the coast of France, where it has been found 
necessary to protect it from encroachments of the sea, a cross 
section has been given to the dikes towards the sea, of the same 
form as the one which the shore naturally takes from the action of 
the waves. The dikes in other respects are constructed and faced 
after the manner which has been so long in practice in Holland. 

778. Groins. Constructions, termed groins, are used when- 
ever it becomes necessary to check the effect of the current 
along the shore, and cause deposites to be formed. These are 
artificial ridges which rise a few feet only above the surface of 
the beach, and are built out in a direction either perpendicular 
to that of the shore, or oblique to it They are constructed ei- 
ther of clay, which is well rammed and protected on the surface 
by a facing of fascines or stones ; or of layers of fascines ; or of 
one or two rows of short piles driven in juxtaposition ; or any 
other means that the locaUty may fumish ^lay be resorted to ; 
the object being to interpose an obstacle, which, breaking the 
force of the current, will occasion a deposite near it, and thus 
gradually cause the shore to gain upon the sea. 
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779. S^-wdlh, When the sea encroaches upon the land, 
fonning a-ftteep bluff, the face of which is gradually wom away, 
a wall of masonry is the only means that will affora a permanent 
protection against this action of the waves. Walls made for this 
object are termed sea^wcdls, The face of a sea->wall should be 
constructed of the most dunble stone in large blocks. The 
backing may be of nibble or of beton. The whole work should 
be laid with hydraulic mortar. 
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